In-flight structural identification:input/output versus output-only data processing by Mevel, Laurent et al.
HAL Id: inria-00071474
https://hal.inria.fr/inria-00071474
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
In-flight structural identification:input/output versus
output-only data processing
Laurent Mevel, Albert Benveniste, Michèle Basseville, Maurice Goursat, Bart
Peeters, Herman van der Auweraer, Antonio Vecchio
To cite this version:
Laurent Mevel, Albert Benveniste, Michèle Basseville, Maurice Goursat, Bart Peeters, et al.. In-
flight structural identification:input/output versus output-only data processing. [Research Report]









   



















ap por t  
de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
In-flight structural identification:
input/output versus output-only data processing
Laurent Mevel, Albert Benveniste, Michèle Basseville, Maurice Goursat,

















 ¢¡8£X¤¥O¦§¤¨ r%s2v©^}veuªA«3z{G¬®­2z{s  ~A
~l~A~A}{G"z¯8«®^#"s2v©|"&v©A«R""|2e"|
~A}




v L¸¹ |PºA^|"|b~A  ^|"|»¬·^}{`vez{ve2"""|2e"|v)z  ve\"z±°~A"z^¼uZve"s2  
~Av  vXe"z{v  ~A  X^ud~Av  ¯½¶z{"sz{¾·½¿De}~^
vXbA«7uZve"s2  ÀÁ"|2"~^Xv?¬Â~^v  ~A 
v  ze"z^Zve"^ ¸8¹ ~A""ze|}~A¯  z±Ãveve\8J\vX0A«ve}veÄ~A A"vXe"z^28«Å^8s~A  }{z{["s2v
Æ 2½¶nÇVuZv~^|v È ~A  | Æ 2½¶DÇV|2X^\"^}{}v È z{|3~Av  ze|2
v L¸ r%s2v[ve}veÄ~A2Xv
A«$"s2v[uZve"s2  %z¶veuds~^"z{Év  "s^|sp\|uZve"z~A}vX"|}{¶^






~A}8~A~A}{"zF¯|2"~^Xv?¬Â~^v  vez{ve2"""|2e"|vz  veG¬












+",-/.02135426798 :4%;4<>=@?<BA4%3%798 C426;426D5EB74F=G:!D5H"I4<%4J8 C0E5EK4%;!D%<%<%45LD23D%E%0J8@M53$
NO$ PQ$^ç
ê^ìR($ S$^çåÂé0ãàïîÂß '*TU) ÿV,FWPQ$ S$^àðáLãàïîÂßYX TW) +K$







Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71
 G 3&"!8%
'   1 ª.'3F(`» 6 1
'      L,-'¶&  .0/'¶ 1  
 £	
  ¨ e"|  zv3}v3^}teuZv  |b"
~Az{veuZve  vX  ^XvX  vÄ^}  ~XÄz^2¯  ~A2
}v|  z  ve\"z±°ve}v#X^ud&^"veuZve\  ~Audz|2v  v#}~©"""|2e"|v  ~A2[}vX  ve|Gz{"|~O¬
"z^2 }vXv?ez{
~A"z^2
^uZvX"|XvX^|ºAve+2^nX^\"^}XvX ¸   Xe"z{+ve+X^ud~Av
 vXue"s2  vX  z  ve"z±°~A"z^  vZ"""|2e"|vd^v¯$"
~XÄ~Az{}{}~Ad~XÄvX  vX7uZvX"|vXveG¬
"XvX?ºA^""zvX-^|ºAve%^""zvX¿ve|}vX¯\veÒve}veÄ~A  v  ve|Gbe}~^
vX  z""z{2evXÀ0}vXÒue"s2  vX
~A^|2»¬·vX"~^XvXF¯$ve}vXue"s2  vX+~^XvX"|}  ve"ve|  vZ  ze"z^ ¸   ze|v¢ve
~A""ze|}{zve  z±ÃeveR·vX  vA»vXe"z^27~  ~AXvXd}~Z"zv+veX^udv  vXRve"XvX
X^\|2vXlÇVuZvX"|XvX È ve  vXbve\"XvX¢z{2X^\|2vXlÇV2^ X^"^}XvX È?¸ ~lve""z{2ve2Xv  vX
ue"s2  vX[vX"Rz{}{}{|2""Xv~A  vXRX"|}{
~AR\|ue"z|2vX^ve\|27"|  vX  ^XvX[Xve}{}vX
 v[Ä^} ¸
 Ï ¤£ Í §!  ¨ " ~A}{
v""|2e"|
~A}v ve «Å^2e"z^2veuZve\¯[z  ve"z±°~A"z^  vl""|2e"|v
^vR~A%^|2»¬·vX"~^XvXF¯z  ve\"z±°~A"z^~^XvR"|-}  ve"ve|  v  ze"z^¯Gz  ve"z±°~A"z^
ve\"XvXPºA^""zvX%Äve"|2%^""zvX%ve|}vXF¯G~A~A}{Gv  v  ^XvX  vRÄ^}  vX
~AzF¯\"|"Ävez{}{}~A2Xv





~^e"z~A}3~A  X^2Xve"|~A}¿uZ^"z{Ä~A"z^2Z~Av©Äz  v  «Å^"s2v©z{|PºA^|"|b~A 
^|"|»¬·^}{p"""|2e"|
~A}$z  ve"z±°~A"z^uZve"s2    ze|2v  z{p"s2v~A&ve ¸
! ¥O¦§¤#"V§¦ 
 Ï ¤#"%$G¦G¤#" Ï'& £)(+* Gve"z{uZve
~A}_  ~A} " ~A}{"z7Ç *  "7È z¶e|"ve\"}{©^2v[A«
"s2v Æ vevX
s2^}^zvXz{l"""|2e"|
~A}  ~AudzX+~A~A}{z ¸  ¶~^v  ^Á"s2vd~^~  veudz«®^|G¬
 ~A"z^2A«0"veu z  ve\"z±°~A"z^¯z{3s~^veÄ^}{Äv  dvXX^uZv+~-,e"
~A  ~A  ,~A~^sz{
uZvX




~ Æ veZ"s2v%^z{ÒA«Ä\zve½ A«z{  |2"""z~A}~A}{z~Az{}{z{J¯«®e|2»¬
z{Z^j^}{Ä\z{d"s2v7&vXez±°[^}veuZ3ve}~Av  dvX""z{b~A  uZ  ve}{z{Z}~A"v7z{  |2""z~A}
""|2e"|vX©ÇÅvXv©~A} 
vXe"z^Dw ¸ w È?¸ r%s2vbuZve"z{A«3v~^
sD2ve½uZve"s2  ^+2ve½ ~A~^s
s~^R~A}{½¿~&vXvejs2vX Æ v  ~A~Az{2""s2v+~  v  Ä~A}{|2vz{3^|sRz{ ve"uZ3A« s2ve}{z{¢"s2v
~A}{z~A"z^vez{2vXve  ve"z{Äv&ve"ve¶uZ  ve} ¸




~A}-uZ  ve}{z{l~A  vX"z{j"
~AvXÀ#"""|2e"|
~A}-°2z{vbve}veuZve\ÇÅ *¿È uZ  ve}{z{2¯0^| 
Äz{
~A"z^pvX""z{ Ç0/.1[r È ¯X^ud|
~A"z^~A}­2|z p ~AudzX+Ç02¿43 È uZ  ve}{z{2¯2½¶z{  "|G¬
2ve}$vX""z{2¯L~A  z{G¬®­2z{s\[vX" ¸ r%s2vXv+­2z{sZÇVÄz{
~A"z^ È vXR~A}{}F½ "s2vÄ~A}{z  ~A"z^A«




~^e"z^¯~^¶~7«Å|2e"z^pA«8~Az{"vXv  ~A  ~A}{"z{"|  v¯Gve·½-vXve
"s2vp""|2e"|v~A  "s2v~^ve  ~Audz)«®^XvXZ~^d"s2venub~D}v~   ~Á"|  ve¼|2
~A}v
ves~XÄz^ Æ 2½¶¾~^­2|"ve ¸ 8}{|"veZ"s2½#|¼z{¼"s2v©Äz{
~A"z^ "z{~A}b~^Z~A~Ave
2ve~A"z{Äv  ~Audz{ ~A  X^"vX"&^  z{ |  veDz{2ev~^v)A«"s2v©Äz{
~A"z^ ~Aud}{z{"|  vX ¸
^RvXX^2^udzd~A  P~O«ÅveJv~^^2#ÇVz ¸ v ¸ )~XÄ^z  ~Z}RA«;"s2v~Az{e
~O«Å È ¯&z{zRveÄz  ve"}{
~Ä^z  v  "s~A#~A ~Az{e
~O«V\vXz{ ­2|"ve  |"z{l~ADz{G¬®­2z{s#vX"¯8|z{+s~^ v
Xve""z±°v  "s~Az{s~^#"|65bezve\#­2|"veub~A"z{ ½¶s2ve`­2z{Á~A"s2v  z±Ãveve\^z{#A«
"s2vR­2z{s\3veÄve}^v7½¶s2vev7z{%z  vXz{2v  «Å^ ¸ r$  veve"udz{2v7"sz¶ub~A"z{¯J\z~A}{}{¯2"s2v
"ve  A«;vez{veG«Vv \|2ve2ezvX7~A   ~Audz{b
~A"zRA« "s2ve"z{"z~A}8uZ  vXR~^~«Å|2e"z^jA«
~Az{&vXv  ~Avp~Av?«Å|}{}{D""|  zv 87 Aw2¯ :9#; ¸ r%szdv?G}~Az{2d"s2v©2vXv  &ve»«®^"u "G"veu
z  ve\"z±°~A"z^  |"z{b"s2v[­2z{s ¸
2-|"ve%
~^e"zXvRz-#~A}{¢~A  uZv~^"|v7~A""z±°ez~A}Lv?Gez{















z3"s~A2b&vXez~A}_^G¬Â~A  v?ez{ve3s~A  ½%~Av+z3v |z{v L¸ r%s2vej"s2v·z~A}$z{"|~A"z^
[[ ê=<?>û]tKq
w    .   e´ 	      % 




"s~A-"s2v  veve"udz{z""z Æ 2F½¶}v  vA«L"s2v3z{|Òz;ve}~^Xv  d"s2v3~^
"|ud"z^b"s~A-"s2v
z{|3z¶½¶sz{v72^zv ¸
 Ï'& § Ë ¤ _¦ 
 Ï ¤#"%$¦G¤#" Ï & £)( ¹ z Æ 2½¶ 7 G¯G¯¯ ;8"s~A"s2v+uZ  vXR~A  uZ  v?¬
s~A&vXA«2~%uZvX
s~Az~A}"""|2e"|vÒX^z{2ez  v;½¶z{"s+"s2vÒvez{ve2"""|2e"|vÒA«~%X^"z{\|2^|28"z{uZv
 ¹   }{z{2v~AR"G"veu  "z{Äve \~Ajv?ez{
~A"z^¯&~A  ½¶s2v^|"|RÄvXe^3z"s2vve3A«
~^XXve}ve^uZveve8uZv~^"|veuZve\ ¸  ¿vX~A|2
v;A«½¶s~As~^vXve~A"|2v  ~AÄv¯A"s2v Æ ve[z|2v0z
3z  ve"z±«Å7"s2vÒvez{ve2"""|2e"|v-z{+"s2vÒvXve2XvÒA«8²³´Vµ¶~~A"|
~A}&ÇV| Æ 2½¶¯^|uZv~^"|v 
~A  2^G¬·"
~A"z^~A" È v?ez{
~A"z^#~A  ~X^\"^}{}v  Ç Æ 2½¶¯^uZv~^|v È z{| ¸ r%sz$
ve"|
z¶«Vv \|2ve"}{)v?«®ve"v  Z~^   G´³G´ ´ 7  ; ¸
R~A  }{z{`&^"s X^"^}{}v  z{|p~A  | Æ 2½¶ v?Gez{
~A"z^2)"s2^|}  
~ Æ vj~  Ä~AG¬

~Av)A«3"s2v)~XÄ~Az{}~A}v Æ 2½¶}v  vp^ "s2v¢X^\"^}{}v  z{|¯Ò~A  "s|2ds2^|}  ve}{D^
z{|PºA^|"|z  ve"z±°~A"z^`uZve"s2   ¸ R½-veÄve¯$z{zA«%z{vevX+)|  ve"
~A  "s~A
z{\Ä^}{Ä\z{#"s2vz{|  ~A
~+~A©&v  ^2v½¶z{"s!  ³0uZ  z±°~A"z^A«_^|"|»¬·^}{bz  ve"z±¬





~A"z^ 7 ¯9#; ¸
3|"z{"s2v¢}~^"  vX~  v¯0"s2vev¢s~^&vXve ~F½¶z{z{\vevX"z{ ~A  z{ÄvX""z{~A"z^
A«"|2"~^Xv?¬Â~^v  }{z{2v~A"G"veu z  ve"z±°~A"z^/uZve"s2   7 Aw2¯¿wG¯Òww¯-w ;~A  "s2vez{
ve}~A"z^2sz{ ½¶z{"s z{2""|uZve
~A}Ä~A"z~A}vX 7 w ; ¸ r%s2vXvuZve"s2   ~Av½-ve}{}"|z{v  «®^
~A"|"z{"s2vR"veu vez{ve2"""|2e"|v¯veÄve©½¶z{"s2^|¿^2ve"Äv  z{| 7#" ; ¸ b"s2vR^"s2ve
s~A  ¯\"s2vvXXve\Ò^}{\v?«®veve2Xv  y2¿luZve"s2  7 ¯$¯ew;z-~"&vXez~A}z{ud}veuZve
~A"z^
A«d~Dub~A""z± «Å




r%s2v%|"&v¶A«"sz0~Ave z   ze|2  z±ÃLveve;J\vX;A«&A»vXe"z^2Ò½¶szsb~Adv
ve»«®^"uZv  «®^_s~A  }{z{2¯ve~A
~Ave}{^8"z{u+|}{
~A2vX^|2"}{¯^"s2v Æ 2F½¶#~A  | Æ 2F½¶z{|
½¶z{"sz{"s2v+«V
~AuZve½¿^ Æ A«;"s2vXFÄ^~A"z~A2Xv  "z{ÄveÁ"|2"~^Xv?¬Â~^v  """|2e"|
~A}0z  ve"z±°~O¬
"z^buZve"s2 &% 7veÄzve½¾"s2v¶vXXve\-^}{v?«Åveve2Xv  y2¿Áz{|»¬·^|"|~A  ^|"|»¬·^}{
vez{ve2""|2e"|v-z  ve\"z±°~A"z^ZuZve"s2  0~A  v?¬·~^"0"s2veu z{#~«V
~AuZve½¿^ Æ e}ve}{+ve}~Av 








! ¦ ;Ë ¥ Ï _¤  " &$Ë ( ¹ ¢vXe"z^G¯\"s2v Æ vebve}veuZve\¶A« 2²'6: "²   ³     
vez{ve2""|2e"|v;z  ve"z±°~A"z^d~Av0vX~A}{}v  ¯~A  s2½n%\XvXÒ´(  ³  z{|PºA^|"|
 ~A




Æ ve ve}veuZve\)A«~lvXXve! ´  :´Å³ #´Å³¬Â~^v  z{ud}veuZve\
~A"z^/A«7"s2v
v  ze"z^`ve"^uZve"s2  +~Avdz{"  |2Xv  |  ve+&^"slz{|»¬·^|"|d~A  ^|"|»¬·^}{
«®^"uZ¯8~A  ve}~Av  p"s2vb"|2"~^Xv?¬Â~^v  uZve"s2   ¸¢¹  
vXe"z^nw2¯\|uZve"z~A}-vX|}{
^
~Az{2v  ^`v~A}  ~A
~ved~Av¢ve^"v  ¯Ò~A  "s2v©·½¿Á·&vX#A«3uZve"s2  Z~A  z{|
s~A  }{z{©~Av  ze|2v L¸ yvXe"z^j#X^
~Az{23«V|""s2veX^uduZve[~A  X^2e}{|2"z^2 ¸





~A"z^20«®^0uZ  ~A}~A~A}{z$z8½¿ve}{} Æ 2F½¶ 7 2¯AG¯G¯ ; ¸





evev¶"z{uZv}{z{2v~A-uZ  ve}2zÒz{b^2v?¬ÂA¬·^2v3X^"vX&^  ve2Xv½¶z{"sZ"s2v3""|2e"|
~A}uZ  vX
ÇÅvez{ve\Ä^~A}{|2vX È ~A  uZ  v?¬·"s~A&vX#ÇÅvez{veÄvXe^ È% vXv"s2v " &ve  z±p«®^«Å|""s2ve  ve
~Az{} ¸
r%s2v|2vA«-vez{"s2ve7XÄ~A"z~A2Xv?¬  "z{Även^  ~A
~O¬  "z{Äve "|2"~^Xv?¬Â~^v  z  ve\"z±°~A"z^n~A}±¬
^"z{"suZb«®^b"""|2e"|
~A}7~A~A}{"zbs~^Z"s\|2bvXve ~  Ä~Av  7  " ¯3¯ÒG¯9#; ¸ r%s2v |2v






~A"z^~A"nveÄz{^uZve ¸p¹  "sz+
vXe"z^¯_½¿v  vXe"z{v
XFÄ^~A"z~A2Xv?¬  "z{Äve#"|2"~^Xv?¬Â~^
v  z  ve"z±°~A"z^d~A}{^"z{"suZ_«Å^"s2vÒX^u+z{2v  s~A  }{z{
A« Æ 2½¶j~A  | Æ 2½¶ z{| ¸
 
 "!$#% &')(+*#%%,-.(+*/&01*02*/34#%'*/ 5/6" "(7*89:
r%s^|s2^|8"s2v ~Ave¯F½¿v;ve»«Å^"u ~%ve&v~Av  |2v;A«"s2v0«®^}{}½¶z{ve}veuZve\
~A"veub~A Æ ¯
½¶sz
s ve}^3Z"s2v7«®^} Æ }^vA« "veu ^ub~A""z±"s2vX^" ¸ 2¿^2"z  ve[~d~Az{<;>=@?A	B¶A«
ub~A""zXvXF¯vX&vXe"z{Äve}{DCE
F ~A  FGEDF ¸  veIHKJL ;>HIM/BNMPO0Q+v~¢v \|2ve2XvA«Òub~A""zXvX|2s"s~ARHIM  vXX^ud&
vX~^À HIM L =@	 MPSTVU Ç» È














r.;>	t? U BzJLq{ U 	 U 	 _ U e-e-e| ¸ y\|2
s ~`«Â~^e^"z{ÉF~A"z^1z|z|2vl|1¾~ "»¬
[[ ê=<?>û]tKq
    .   e´ 	      % 
³)´ e´   =  ?µÅ³
u|}{"z{}{z~A"z^jA« p ;>=@?A	B-\©~Apz{Äve""z{}vub~A""z± ¸ r%s2ve¯G|)Z~s~Av7A«8~^"z%^	b¯"s2v7~Az{<;>=@?A	B~A&vvXXÄvev  «V^u "s2v7°2"} Æ ¬Â½ ~A  "s2v"sz±«Åz{Ä~A"z~A
^ve"·¢A« p ;>=
?A	B?¯vX"vXe"z{Äve}{ ¸ r%s2vRvez{ve2"""|2e"|vRzÒ"s2vepv?G"
~^ev  «Å^u 	 ¸ yvXv"s2v " ve  z±©«®^¶"s2v  v?°2z{"z^2R~A  "|2vXe"z^w ¸ R«®^"s2v[z{ud}veuZve\
~A"z^  ve
~Az{} ¸
" }{}¿"sz#z#^|"z{2vp~A  zd^}{DvX~A}{}v   ^z{Z^|#"s~A¯Ò"s^|s2^|d"szdvX?¬
"z^¯;½-v)X^2"z  ve#"s~A = 	e´     	³Å´Vµ :eµ`´  =-¢µ    	 ³´Vµ6?:X´Â³)  ´®³l³ ´Vµ6.e³)  ¸
   w*6 * G.  *1*
	w.' 	w.@.'
 vbX^2"z  ve~)}{z{2v~A"z{uZv?¬Âz{Ä~A"z~Ad"




  L 	   ST   $?  "!4;# B L%$'&() L =   ST+* $?  "!4; * B L,$.- Ç® È
½¶s2vev"s2v)z{|
;/B#~A  ;# B#~A  "s2v)uZv~^|veuZveb2^z
v ; *  B#~Av)|uZv~^"|v 
ÉveDuZv~A /7~A|2"z~A ½¶sz{v2^zvj
v |2ve2XvX ¸  v""vX¢"s~A)z{|2^z  ~A}7^)X^}^v 
z{|#v?ez{
~A"z^:;# B~Anvbve2X^ud~^
v  ~^½-ve}{} 7  " ¯ 9#; ¸10 ^vZ"s~A"s2vbuZv~^|v?¬
uZve\¶2^zv ; *  B  vX%2^¶~OÃLvXe¶"s2v[vez{ve2"""|2e"|vA«¿Ç® È ¯2~A  "s~A3~uZÄz{b~XÄve
~Av

v |2ve2Xv ; * B3~A~A}b&vve2X^ud~^v  7 w¯  ; ¸ r%s2v  z±ÃLveve["z{~A}¯~A  z{~A""z?¬
|}~A7"s2vZz{| ;/B?¯$~AvZ~^|uZv  )&vd
~A"z^~A" ¸ " "|uZve\+"z{udz{}~A)"s2
vdz{
7 G¯G; ~Alv|2v  «Å^[ve}~OGz{p"sz+~^"|ud"z^ % "sz[½¶z{}{} &vd~  vXv  ve}
ve½¶s2vev ¸
2|""s2ve"uZ^v¯2½-v~^"|uZv["s~A+À
jv~^|veuZve2^zv * z¶|2X^"ve}~Av  «V^u ^"spz{|2~A   % ÇVw È
 2ve"Äv  ~A  |2^2
ve"Äv  z{|~Av7|2X^"ve}~Av &% Ç® È
 2ve"Äv  ~A  |2^2
ve"Äv  z{|~Av7^"sp½¶sz{v ¸ Ç  È
2¿^  z{"z^ Ç  È ub~X vXveu |2vX"z^~A}v+ve~A  z{)"s2v)³²? z{|3 ¸ R½¿veÄve¯z{
~A &v7veG«®^Xv  "z{}{©~O«Åve~^ve½¶sz{vez{ ¸
2^ÒvXXFÄve"z{d"s2v3vez{ve2"""|2e"|v[A«ÒÇ® È ¯\^|¶~A~^s)X^2"z"-z{bs~A  }{z{  z±ÃLve»¬
ve\;A"vXe"z^2;A«&"s2v¶"veu ^\7"s2v¶"|2"~^Xvve2ve




 ^u Ä^~A"z~A}vXdzbv |z{v  ½¶z{"s "s2vp~A}~Ab  |2e À54762?98;:@JL=< ;76)8 B ¸ r%s2ve¯-z±«?> ve2^vX3"s2v[}{z{2v~A"~^Xv[ve2ve
~Av  p~A}{}"s2v7z{|À




z{7^""s2^^~A}-z  ve2^v   >  ¸ 0 F½¯vXXFÄve"z{ "s2vdvez{ve2"""|2e"|v¢A«[Ç® È ~Alv
ve»«®^"uZv  ©|2"z{Z"s2vR«®^}{}½¶z{¢A»vXe"z^2AÀ
 ¸ 3vô"vXe"z{Z"s2v[|2^2ve"Äv  z{|K \)A»vXe"z{jÇ® È ^'> ¸
 ¸ 3vô"vXe"z{Z"s2v7^2ve"Äv  z{|' \¢A"vXe"z{Ç® È ^\3>  ¸
 ¸ z{[»^z{\"}{©^"spA"vXe"z^23A«Ç® È ^'> ~A  >  ¸
w ¸  z±Gz{d"s2ve"¬-~A  ~A|A¬·XÄ~A"z~A2XvXA«0"s2v7A"vXev  ^|"| ¸
 ¸¹ 2^"z{D"s2vpvXve2XvA«7"s2vX^\"^}{}v  z{| 6~A  ve»«®^"udz{ "|vp«®^Xv
^|"|»¬·^}{pz  ve"z±°~A"z^ ¸
 "z{ A»vXe"z^2z{DX^uz{~A"z^ ½¶z{"sD"|2"~^Xv©~A}{^"z{"suZz2^+2ve½ ¸p¹ z#~
Äve"~A"|
~A} z  v~)"s~A7zR«®^|  z{ veÄve
~A} }~^XvX7z{l"s2v#\ Æ 7 w ; ¸ F½-veÄve¯0~^["s2v
v?Gve"zve2Xv  v~  ve[½¶z{}{}0vXX^z{Év¯L½¿vv?G}^z{["sz[z  v~¢|  veR2^le}~^z~A}8Ä~A"z~A ¸
r%s2v~A~^s2vX#Ç» È ~Av[2½  vXe"z{&v L¸
©ËXË §¤#" &
	 ¤ Ë  &_Ï ¡$£ Ë ¥ $ Ë Ð " &  ¤)( r%s~A Æ _R~^"|ud"z^pÇ® È ¯FA"vXe"z{dÇ® È ^\>~AuZ^|Zvô»vXe"z{Z"s2v|2^2ve"Äv  z{| ¸ r%szA»vXe"z^½¶"z{vXÀ
  > L 	   ST  > + (E > L =   ST  > Ç® È
yve""z{Z«Å^"s2^" JL  > ½¶s2ve "s2vevz%2d"z Æ A« X^G«V|2"z^¯$Ç® È ve½¶"z{vX+À  L 	   ST  (  L =   ST Ç "È
^; B  ~A  ;  B  ·½¿ZÉve#uZv~A ÄvXe^3
~A  ^u \XvX
vX¯G½-v+veÀ
H M JL <    M !#" Ç» È
 "z{"sz+2^
~A"z^¯8~A  "s~A Æ + ~^"|ud"z^ Ç  È ¯$v \|~A"z^ Ç "È z{ÄvX
~Azvd"s2v
«®^}{}½¶z{ Æ ve  vXX^ud"z{"z^2A«8"s2v[«®^"u Ç» È À





    .   e´ 	      % 
³)´ e´   =  ?µÅ³
r%s2v}~A"ve7e»¬·XFÄ^~A"z~A2XvX~Avbvs~A  }v  z{l~bX^uz{2v  ub~A2ve % "szzz{"A¬
 |2Xv  ~^3~A}{^"z{"su wdve}½ ¸
^u 2F½ ^¯ ¦ 	Ï ¥ "N¤ 
   v?«®veZ "s2v uZve"s2  z{  ¸ j~A}{zv  l"s2v ´Â³e¬
XFÄ^~A"z~A2XvX3z{DÇ» È?¸
©ËXË §¤#" &
	 ¤ ËnÏ ¡8£ Ë ¥#$ Ë Ð " &  _¤)( r%s~A Æ [p~^"|ud"z^¾Ç® È ¯A»vXe"z{nÇ® È ^\>  ~AuZ^|\dvô"vXe"z{Z"s2v^2
ve"Äv  z{| ¸ r%szA"vXe"z^½¶"z{vXÀ
   >  L 	   ST  >   (E >  L =   ST  >  +*  Ç» È
r%s\|2¯2ve""z{Z«Å^"s2^"   L  >  ¯G½-vve+À   L 	   ST  (  L =   ST *  Ç»ew È
2^u Ç»ew È ¯"s2v[«®^}{}½¶z{ Æ ve  vXX^ud"z{"z^2¶«®^¶"s2vXFÄ^~A"z~A2Xv+ub~A""zXvXs2^}  À
H $($M L = 	 MPST U $ ?½¶s2vev U $ JL <    (  ! " Ç» È
0 ^v["s~A"s2vev+~Av2 Æ 2F½¶ z{|¶Z"veu Ç» È?¸
^u 2F½ ^¯ ¦ 	Ï ¥ "N¤ 
  v?«®veZ "s2v uZve"s2  z{  ¸ j~A}{zv  l"s2v ´Â³e¬
XFÄ^~A"z~A2XvX3z{DÇ» È?¸
 Ï 
¡ " & " &
	 ¤ Ë  &_Ï ¡$£ Ë ¥ $ Ë Ð ¦ & Ð Ï ¡8£ Ë ¥#$ Ë Ð " &  ¤d¥ ËeË §¤#" Ï & £)( 3vô"vXe"z{Z^"s
"s2v#^2ve"Äv  z{| ¢~A  "s2v#|2^2ve"Äv  z{| b~AÁv#~^
szveÄv  ÁX^u+z{z{
"s2v¢A"vXe"z^2A«"s2v¢^|"| (Ep^&^"s >6~A  >  ¸ 2¿^}{}vXe#"s2vbJ½-Áv |~A"z^2
Ç " ¯{ew È ~^%«Å^}{}F½+À    L 	   ST ;    B(  L =   ST ; *  B Ç» È
½¶s2vev   JL ;     B~A  (  JL ;2(  (  B ¸ 2¿^2"z  ve"s2v7XÄ~A"z~A2XvXÀ
H $M JL < ()  M ; ()  ! (  ! B
	 Ç»#9 È
0 ^v["s~A+À
< (E  M  ! 	 L < (   M  ! 	 Ç» È




r%s~A Æ ¶ Ç»G¯{ "È ~A  Ç»¯{ È ¯2½¿v7s~XÄvÀ
H $M L { H $ & $ &M H $  $ M | L = 	 MPST { U $ U $  | Ç® È
ve"s2  z{ ¸ ~A}{zv  Z"s2v 
³ b²%  G´Â³?¬·XFÄ^~A"z~A2XvX[z{ Ç® È z2½ ~A}{}v j¦ 	Ï2Í
¥"N¤ 
 _¸
 " " & 	 ¤ Ë §¥ Ï ££ Í ¦ & Ðj¦_¤ ÏÍ § Ï $¦¥"V¦ & § Ë £ Ï ¤ Ë  ¥ Ï XË §¤ Ë Ð Ï ¤  ¤£:( 2¿^2z  ve
~A~Az{ "s2v"G"veu z{DÇ» È ~A  ¯2F½¯"s2vXÄ~A"z~A2XvXÀ
H *M JL < (E  M ;  ! (  ! B
	 Ç®G È
" ~Az{¯"s~A Æ ¶Ç»G¯{ "È ~A  jÇ»¯{ È ¯½-v+s~XÄvÀ
H *M L { H $ &+*M H $  $ M | L = 	 MPST { U * U $  | Ç® È
  	Ï ¥ "N¤ 
  ½¶z{}{}3v?«®veZ "s2vuZve"s2  z{  ¸  ~A}{zv  l"s2v 
³ b²%  "³   '
)´Â³¬·XÄ~A"z~A2XvXÇ® È?¸
	'&_Ï ¥ " &
	 ¤ Ë Ï ¡$£ Ë ¥#$ Ë Ð " &  _¤)(  2v©^\Ä\z^|2½%~Xnz{2^v©"s2v¢vXve2Xv)A«"s2v
X^\"^}{}v  z{| pX^2"z"z{nve»«Å^"udz{l^|"|»¬·^}{ z  ve\"z±°~A"z^ ¸ r%sz½¿~Xnz
  ®³ ~p}
A«¶z{G«Å^"ub~A"z^¯0½¶sz
snz+X^G°2"uZv   G³ e´ ®³0½¶s2veDX^ud~A"z{z{G¬
|PºA^|"|)~A  ^|"|»¬·^}{¼"""|2e"|
~A}3z  ve\"z±°~A"z^¾uZve"s2  ¯%vXvpvXe"z^ w ¸ v?¬
~A}{}&"s~AÒ"s2vR^|"|»¬·^}{¢XFÄ^~A"z~A2Xv?¬  "z{Äve|2"~^Xv3z  ve\"z±°~A"z^A«"s2v3vez{ve2"""|2?¬
"|vÁz~^v  ^ "s2vÁuZve"s2  z{1 ¸ D~A}{zv   "s2vÁuZv~^"|v  ^|"|XFÄ^~A"z~A2XvXHIMJL < ()K( ! S M ¯G½¶szsj½-v7v?«®veZ~^ ¦ 	Ï ¥ "N¤ 
	L¸

 "V£§ _££ " Ï'& ( y\|2"~^Xv¢uZve"s2  #~^  vX
e"z{&v  s2vevb"s~Av)~p}^A«"z{udz{}~A"z{"zvX½¶z{"s
"s2
v  vXe"z{v  z{ 7 ww¯w ; ¸ y\|2~^XvuZve"s2  Òz{Z"s2vez{-uZ^vve2ve
~A}«Å^"u °2;z{+·½-






v?2~Aud}v|2z{¢~~A}{ub~A°2}{ve È?¸  |~A~^
s^\Ä\z^|2}{)°2z{b"s2v[°2"3~Ave^"¯
z{2Xv#½-vb~Av#|2"z{p"s2v#}v?«Å"z{|}~AÄvXe^+A«¶~©½¿vez{sv  [~A Æ ve};ub~A""z± ¸ 3Rz±Ãveve\

s2^zXvX«Å^"s2vb½-vez{s\ 7 ;¿~An}v~    z±ÃLveveuZve"s2   ¸ r%s|2¯8"s2vZuZve"s2    v?¬

e"z{&v  z{ "sz~A&veR~A v+X^ud~Av  ½¶z{"sÁ~A}{v~  v?Gz""z{©uZve"s2  }{z Æ v ¹ 13¬Âw\y ¹ 3#¯
~^z?¬Âw\y ¹ 3#¯^~A   .* y 7  ;½¶szs#z8z{  vXv  Äve"+z{udz{}~A$[~A}{^"z{"su w[~AÄv ¸ " }¯
~A}{^"z{"su5©zA«¶"s2vZ
~AuZvd"z{"z{~^7"s2vdA"vXe"z^`~A}{^"z{"su «®^7}{z{2v~A  veve"udz{z»¬
"z)"G"veuZ^&
v  z{ 7 w ; 7 2-s~A ¸  ; ¸ y\z{2Xv)½-v©|2v  z±Ãveve\d½-vez{s¢~A ` z±ÃLveve
[[ ê=<?>û]tKq
    .   e´ 	      % 




~A"z^2¯½¿v3ve  z±Ãveve\-«Â~^e^"z{ÉF~A"z^2%A«"s2v [~A Æ ve}ub~A""z± ¸ r%s|2F¯
~A}{"s2^|s ~A}{}3"s2vX
vpuZve"s2  ¢}v~  n"s2v 
~AuZv }v?«VZ«®~^e^¯%"s2ve¼ub~¼s~XÄv  z±ÃLveve
\|uZve"z~A}_ves~XÄz^ ¸
   '"4[X0& 8 	 ' 
 X'¶  	   3&ô
!8%
'
r%s2v#vXXve\^}{\v?«®veve2Xv  y2¿ uZve"s2  7 ¯L$¯ ew; z~¢«Åv |2ve2e  ^ub~Az{ uZve"s2 
ve}~Av  z{~A"d"s2v~^"z7v  ze"z^jve"^uZve"s2  ¯2½¶s2ve ^"sz{|~A  ^|"|
~Av~Ä^~Az{}~A}v % vXv 7 w2; 7 2-s~A ¸ 9#;«®^¢y ¹ y  "veuZF¯Ò~A  7 :9#; 7 " &ve  z± w " ¯2-s~A 9 ¸  ;
«®^ ¹   "veuZ ¸  -¢«Åv |2ve2e  ^ub~Az{uZve"s2  ¯½-v[uZv~A"s~A3uZv~^"|veuZveR~Av
 z{vXe"}{©X^}{}vXev  z{)"s2vR^|"zve  ^ub~Az{¯2~A  ~AvRXvXv  z{©"s2vR^|"zve  ^ub~Az{ ~^
½¿ve}{} ¸ r%szRuZve"s2  zR2^R2ve½z{z{"z{2ez{}v¯|½¿v+«®vXve}_z{R|2v?«Å|}_¢veÄ\zve½ z{7~A 
v?¬·~^z{z{ "s2v¢e}~^
"z~A}¶"veu z  ve\"z±°~A"z^¼«V
~AuZve½¿^ Æ&¸  }{D~A¼^|"}{z{2v©A«"s2v




  9.z*N 	w." 	41	t  (+ !  (0w#%    9. 
r%s^|s2^|["sz[vXe"z^½-v#~^"|uZv#~ ¬·"z{Év+z{|PºA^|"|  ~A
~b
~Aud}v (E?  ¸  v
|2
v%"s2v¿«Å^}{}F½¶z{+ve2ve"z¶2^
~A"z^À$«®^ 6"T-?-e-e-e ?96¾~ ¬·"z{Év¶"z{uZv  ^ub~Az{  ~A
~7P~Aud}v¯
"s2v~^
\ez~Av  3R0r z  ve2^v  ÁÀ
 ;! 4BaJL " $# 

%'& T 6E)( SF+*  ?
½¶s2vev L  -, JL .0/21 3@?¶«Å^ 1 L4" ?-e-e-e ?5
~A  ½-v7½¶"z{v   z{2"v~  A«    ½¶s2ve"s2v}ve"s6 A«0"s2v
~Aud}vz¶|  ve" L¸
3Rve2^v67t;! 4B-"s2v  zevev+2^|"zve  ^ub~Az{ub~A""z±"|2
s"s~A+À
 $ ;! 4B L 7t;! 4B  * ;! 4BV?
r%szRub~A""z±7¼z[~A}{}v  "s2v#8¼ub~A""z± ¸ r%s2v^}{\v?«®veve2Xv  y2¿ uZve"s2  s~^R·½-




 ÒË  ¤  ¦G¤¥" Í ¥O¦§¤#" Ï'& 
pË £§¥"  ¤#" Ï &  
 £ Ì £X¤ Ë 
 
 Ï Ð Ë  ( ¹ d"sz;«Å^"u¯"s2v
«®^}{}½¶z{¢"veu uZ  ve}z~^"|uZv  À	 ; ( SF5*
 B+7 ;! ,VBIs; ( SF5*
 B L  ;! -, B?¯G«®^ 1RL %?-e-e-e ?5@? Ç® È
½¶s2vev 	 ;7B L 	 Q  	 T  e-e-e  	   ~A  s;7B L `Q  $T  e-e-e    ~Avub~A""z± &^}{2^udz~A}¯~A  ;! ,VBV? 1GL %?-e-e-e ?5 z)~n½¶sz{vj2^zvub~A""z± A«|z{
~A}v z{uZve2z^2Äve7"s2v  zevev|z{ez{e}v¯L½¶z{"sl"z{}{jÄ^~A"z{pXÄ~A"z~A2XvZ^ve
~A^ ¸
r%szÒuZ  ve}~AuZ^|-+~AXGz{ub~A"z{#"s2v03Áub~A""z± 7Á\d"s2v  43 «Å^"u 	 ST  ¸
r%s2v vez{ve2"""|2e"|vjA«7"G"veu Ç® È z¢^
~Az{2v  ~^#«®^}{}½À "s2vuZ  vXb~Avp"s2v ~Az{;? B%^}{|"z^2A«0"s2v[«®^}{}½¶z{¢vez{ve\Ä^~A}{|2v+^}veuÀ	 ;2B  L %e Ç®Aw È
 " 	 &¤  ¦G¤¥" Í ¥A¦§¤#" Ï & 
pË £§¥"  ¤#" Ï'&   
 £ Ì £X¤ Ë 
 
 Ï Ð Ë  ( ¹ "szR«®^"u¯
"s2vR«®^}{}½¶z{©"G"veu uZ  ve}_z3~^"|uZv  À
7t;! -, B 	 ; ( SF5*
 BIs; ( SF5*
 B L  ;! -, B?¯G«®^ 1RL %?-e-e-e ?5@e Ç® È
r%sz;uZ  ve}~AuZ^|\Ò~Az{ub~A"z{"s2v03jub~A""z± 7#"s2vj43¾«Å^"u 	 ST ¸
r%s2vvez{ve2"""|2e"|vdA«;"s2v#X^2"z  vev  "G"veu z[^
~Az{2v  ~^«Å^}{}F½À¶"s2v&^}vX ~Av

^}{|"z^2A«8"s2v7«Å^}{}F½¶z{¢vez{veÄ~A}{|2v^}veuÀ	 ;2B ! L %e Ç®$ È
r%s2vuZ  ~A}$~A""zez{~A"z^jÄvXe^"#)~^
\ez~Av  ½¶z{"s$ z{DÇ®$ È z  z±ÃLveve«Å^u%©z{
Ç®Aw È ¯½¶sz
slzR"s2v  vXz{v  uZ  v ¸  ¿|&~AÁv#v~^"z{}{vXXÄvev  j~Az{ub~A"z{bz{)"s2v7}v~^% |~AvX
ve2v, 7t;! 4B-p~~A""z~A}«V
~^e"z^jv?~A2"z^ps~Ä\z{b"s2v  ~^
z{&^}vX ¸ ¹ «$"s2v&^}vX3~Av+"z{ud}v¯"s2ve"s2v7X^"vX"^  z{bvXz  |2v7ub~A""zXvX(' M z{DÀ
7t;! 4B*),+- _% M & T . ' MN  5I/M  ' ]MN0 I ]M10 Ç®:9 È
½¶s2vevb"s2vb"|vee"z{ ]  ve2^vX#X^ud}v?nX^^ô|~Av¯8s~XÄv¢
~A Æ ^2v ¸ ^u Ç®:9 È ½¿v
ve¶"s~A ' M L 32 ! 42 ¯G½¶sz
s\zve}  3"s2v[uZ  v?¬·s~A&v"42 7  ; ¸
[[ ê=<?>û]tKq
    .   e´ 	      % 
³)´ e´   =  ?µÅ³

 "V£§ _££ " Ï'& (
 ¸ r%s2v¶·½¿uZ  ve}3Ç®G¯ð È ~Av¶}{z{2v~AÒz{d"s2v¶~A
~AuZveve¯\½¶z{"s¢~  z{"z{Äv¶2^zv ¸ r%s|2
"s2ve~Ajvz  ve\"z±°v  Ä\z~be}~^"z~A}$}{z{2v~A}v~^"[\|~AvXvX"z{ub~AvX % ½-vv?«Åve"s2v
v~  ve 7 G¯$$G¯-ew;Ò«®^z{ud}veuZve
~A"z^  ve
~Az{} ¸ r%s2v Æ veÁ&^z{\z+"s~A+z{z
2^2vXv  v  ©vX""z{ub~Av+"s2v  ^}{\2^udz~A}Â¯&"z{2Xv^}{ 	 z|2v  «®^RvX"z{ub~A"z{
"s2vbvez{ve2"""|2e"|v ¸ r%sz+veub~A Æ ~Anv#|2v  pv  |2Xvb"s2vb"z{ÉvbA«¿"s2vb}{z{2v~A




uZv~^"|veuZve2^zv[«®^¶"s2v03  %z{"s2v  z±ÃLveve3«Vv \|2ve2e¢~A   ¸
" %z{%z%½¿ve}{} Æ 2F½¶ 7  ;·¯"s2v7j431«Å^"u ÇV^"sp}v?«V~A  "z{s È |GÃve¿«Å^u 2^G¬
z  ve"z±°~Az{}{z{J ^}veuZ¯2z{2Xv¯v ¸  ¸ ¯ 	 ST  z¶z{Ä~A"z~AR)v?¬Âu+|}{"z{}{z~A"z^lA«
&^"s 	 ~A   \b"s2v7
~AuZv~A"z{"
~A"©z{Äve""z{}vub~A""z± ¸  ¿|¶"sz%z¶A«82#s~A"u
z{p^|~^v¯"z{2XvR"s2v7vez{veÄ~A}{|2v7^}veu Ç®Aw È z~A}z{Ä~A"z~A3|  ve¶"s2v7
~AuZv
v?¬Âu+|}{"z{}{z~A"z^ ¸ r%s\|2+½¿vZ^}{Á2vXv  pub~ Æ vZ"|vZ"s~A½-vZ°2  ~)ub~OGz{ub~A}
½ 
~A Æ j43 vevXve\
~A"z^ % |z|2ve2vX
-A« 	 ¯s2F½-veÄve¯z{ÒzÒ2^-^|-X^2Xve" ¸
 ¸¹ «½-vz{2^v¶«®^-~[½¶sz{}v"s2v¶2^zv3ve"u z{bv \|~A"z^lÇ® È «Å^   3#¯"s2ve¢½-v~A
&»¬Âu+|}{"z{}{ "szv |~A"z^D ;! ,VB?¯0~A  "szzve}  +"s2v  ~A
~p~^v  "G"veu
uZ  ve} 	 (1I   L  ¸ 3vez{\"  |2ez{[2^zv-|2Xve"
~Az{"zvX;z{ÄvX_
~Azv-"s2v;^|G¬}~A;}{z{2v~A;}v~^"»¬· |~AvX v  ze"z^©ve"^;uZve"s2  ~^ez~Av  7"s2v"G"veu uZ  ve}	 ( I   L * ¯8"s~A~ADvds~A  }v  z{n^"s «Åv |2ve2e ^"z{uZv?¬  ^ub~Az{ 7 :9 ; ¸
F½-veÄve¯"szv~^^z{  \vX2^R½-^ Æ «®^3"s2v343 Ä^~A"z~A\¯~A  ½-v  b2^
Æ 2F½¾s2F½ 7ve}~Av"szÒuZve"s2  e}~^"z~A}^2vX;«V^u "s2v"G"veu z  ve"z±°~A"z^
}{z{ve
~A"|vz{ ~A v~^¢½%~X ¸
 ¸ 3v~^^2¿«®^¶X^2"z  ve"z{Z^"s)Ä^~A"z~A\~AvRuZ^v[
~^e"z~A}"s~Ap"s2vX^ve"z~A} ¸  veFnv+"s2v^  ve7A«Ò"s2v"veu ÇÅ"
~Av  z{uZve2"z^ È?¸ " "|uZv"s~A"s2vevd~Avub~A
uZ^v+z{|"s~AÁ^|"|¯z ¸ v ¸ ¯  z{u
; ( B   z{u
;/ B ¸ r%s2ve¯0´Vµ6#³A«;&^}{2A¬






~A"z^¯-«®^#"s2v©«Å^}{}F½¶z{ ·½¿lv~^^2À  ¢"s2v)}v~^"d|~AvXZ~A}{^"z{"su
~^ez~Av  ½¶z{"s Ç® È ½¶z{}{}¿z{Ä^}{Äv¢}~A"ve}~Az{O(E ( ! S M ¯0~A  % z±«¶½¿vb½%~A#
v?}^v©"s2v©}v~^"d\|~AvX#^}{|"z^2# ~^"|udz{  z±Ãveve\duZ  ve}¶^  ve¯;"s2ve
z{2ev~^"z{)^2v"s2v#^  ve7A«Ò^}{\2^udz~A} 	 ½¶z{}{}0z{2ev~^v"s2vd~^"|uZv  uZ  ve}
^  ve$F \n~p"ub~A}{}ve#~AuZ^|ÇÅvXvd"s2v  ze|2"z^ z{Dw ¸ ^D"s2vd|2vbA«¶"s2v¢A¬
~A}{}v  "
~Az{}{z{ÉF~A"z^  z~A








s)}~A"ve-"s~A©"s2v\|u+ve%A«z{| ¸ ^-"s2vRX^2"z  vev  ~A}{z±¬
~A"z^A«_uZ  ~A}L~A~A}{G"z%½¶z{"s ³´»³  pv?ez{
~A"z^¯"s2v[vXX^  "z{"|~A"z^pz¿"s2v





^ve}~Av  ze|2z^23~A  ~  z{"z^~A}_z{G«®^"ub~A"z^ ^"szuZve"s2  ¯2
vXv 7 G¯Lew); ¸
   9.  .	w ,  %	t  (0! 0(0#%    9 
Rvev ½¿v-~^"|uZvÒ"s2v uZ  ve}&Ç® È ½¶z{"s  L ¯Fz ¸ v ¸ ¯A2¶uZv~^"|v  z{|_z8~XÄ~Az{}~A}v¿~A  "s2v|uZv~^|v  z{|;zÒ~^
"|uZv  7v%½¶sz{v¶2^zv ¸ 3[ve2^v\ 7t;! 4B0"s2v  zevev2^|"zve
 ^ub~Az{ ub~A""z±`½¶s2v ;PW ? N7Bve""`v |~A}  $  M ;! 4B   $  F ;! 4B " ] ¯0z ¸ v ¸ ¯0"s2v¢uZv~^|v 
e
»¬·"vXe""|u &veJ½-vXve/"s2vZWÂ"s1~A  N"s/^|"| ¸ " ~Az{¯7t;! -, BV? 1 L " ?-e-e-e ?5 zX^2z  vev  ~^¶"s2v   ´0[vXX^ L¸
r%s2v¢^|"|»¬·^}{`&^}{v?«®veve2Xv  y2¿uZve"s2  ve}{zvX#^`"s2vZ«®^}{}½¶z{l~^zZ«Â~^e
«Å^u "s~^""z%v~A}{z{ÉF~A"z^b"s2vX^"«®^0}{z{2v~AÒ"G"veuZ 7  ; ¸  ve.H $ ;7B8v¿"s2v¶"vXe""|uA« (©¯v?~A  z{¶z{\¢~#2^|"zveRve"zvX H $ ;7B L 
	M & S 	 HIM M ¯2~A  veÀ
H $ ;7B L H`Q .  
	% M & T HIM& M ? H S$ ;7B L H`Q .  ST%M & S 	 HIM& M
r%s2v«Å^}{}F½¶z{)~  z{"z{Äv  vXX^ud&z{"z^js2^}  À4H L H   H S ¯2½¶s2vevH  z3~A}{}v  "s2v"z{"z{Äv[s~A}±«V¬·"vXe""|u A«( ~A  ½¶"z{vXÀ
H  ;7B L = ;3I  ST 	B ST U  ? ½¶s2vev  L HIQ  . ~A  U L < ;   ( ! B
r%s2ve¯¿~AXGz{ub~A"z{ H  ½¶z{"s¾~  j436^d343 vevXve\
~A"z^ ~^#z{  ¸ )zve}  




 *¢0  6 p »
 v°2"[^|"}{z{2vd^uZvz{ud}veuZve
~A"z^Dz"|2vXRve}~Av  ¢"s2vd~A}{^"z{"suZA«¿vXe"z^2
~A   ¸ yvXX^  ¯½-v  z
e|2bX^2""
~Az{\©~A  v |z{veuZve\)A«["s2v z{  |2"""z~A}3vX"z{

~^e"zXv¯½¶sz
s "s2^|}  &v Æ ve[z{udz{  «Å^R"s2vd~^vX"uZve\RA«¿"s2v
~^e"z~A} ~A}{z~O¬
z{}{z{JlA«¿"s2vd^v  uZve"s2   ¸ r%s2ve¯_½¿vdvXve|uZve"z~A}¿vX"|}{^
~Az{2v  ½¶z{"s
"s2v~A}{^"z{"suZRA« vXe"z^23Z~A  #^pv~A}  ~A
~dve ¸
[[ ê=<?>û]tKq
ew    .   e´ 	      % 
³)´ e´   =  ?µÅ³
  (# *#%R*NR	4/0 02'*/  *N  0 , w 	w)#%z6" "(+*/9w:
 ¥ & §¦G¤#" Ï & (  «0X^|v¯G"s2v  ^|}{¢z{G°2z{v+}{z{2v~A"~^XvbÇ09 È z¶2^¶
~^e"z~A} ¸ F½%¬
veÄve¯z±«"s2vz{|¶v?Gez{
~A"z^)s~^-2+|v«Åv |2ve2eb~A  z±«ub~A""z±	 z¿"
~A}vÇV2^
^©"s2vR|z{¿ez{e}v È ¯G"s2ve ;  7? ()B;z-2v~A"}{¢z{  ve&ve  ve\A«  «®^
	 }~A"v[ve2^|s ¸






m ? Ç® È
½¶sz
s "~A2R"s2v""|2~Av  }{z{2v~A"~^Xv @ ABCED GF H I	 N  	 Q¯Lr%s2ve¯"s2v«®^}{}½¶z{¢v?}{zez{¶«®^"u+|}~^R~Apv[|2v  À
(  ) (E > +?3~A (  ) (E IO() >
7?½¶s2vev() >
 L < ; (E > ! B  < ; >  > ! B
	 f > ? Ç® "È
~A  "|vee"z{ f  ve2^vXb"s2vjj^v?¬·$ve
v 2ve|  A¬Âz{\Ävev ¸ r%s2vjv?ÃvXe©A«["s2vX
v
~Az{ub~A"z^2©~A¼v~A~A}{\Év  ½¶z{"s ~A"|uZve©"z{udz{}~AZÁ"s2v)z{ 7 G¯;G?; % "sz
½¶z{}{}v3ve^"v  ve}ve½¶s2vev ¸ r%s2v[s2^zXv7A«$z{veve¶~A
~AuZveve¶z{)"|2"~^XvRuZve"s2  %z
~A~A}{Év  z{ 7  ; ¸
 
  "V¥ "V§¦ Ë £X¤#" 
 ¦G¤ Ë £)( ¹ pvXe"z^ G¯veÄve"\"sz{dz%~^
v  ^©""|2v7XFÄ^~A"z~A2Xvub~A""z±¬
XvX7~A  ^ÁA»vXe"z^2½¶szsn~A~Az{Áz{Ä^}{Ävd""|2v#XFÄ^~A"z~A2Xv#ub~A""zXvX¯_vXv©Ç® "È?¸ r%s2v
z{ud}veuZve\
~A"z^X^2z"¶z{j~Az{ub~A"z{¢"s2v7""|2vXÄ~A"z~A2XvX\)"s2vez{3X^"vX"^  ¬
z{Zveudz{"z~A}_«Å^"uZ ¸ /[ve2ve"z~A}{}{¯«®^3~#z{Äve6 ¬·"z{Év7
~Aud}v¯v?«®ve""z{Z Ç» È À
H M z¶ve}~^Xv  \H  M JL4" %;  I W B %F & T  F  M !F Ç® È
y\z{udz{}~A"}{¯3«®^)~A\¾A"vXe"z^¯ >5z©ve}~^Xv  ¾z{)veudz{"z~A}X^|\ve"~A"   >b¯
½¶sz
sz¯G\  v?°2z{"z^¯^
~Az{2v  \¢|2"z{¢veudz{"z~A}_XÄ~A"z~A2Xv+vX""z{ub~AvX ¸
j^vXFÄve¯%"s2vj~A"|uZve©z{  ¸ p2vXv  ¢lv"}{z{s\"}{¼~  »|2"v  n~^XX^uduZ  ~Av
«®^"s2v«Å^}{}F½¶z{¢J½-Z
~^e"z~A}$«Â~^e¯2~AuZve}{À  [&vX~A|2v+A«0"s2vveudz{"z~A}8XFÄ^~A"z~A2Xv
vX"z{ub~AvX¯Ò"s2v©«Â~^e^"z{ÉF~A"z^Ç» È zd^}{¼~AXGz{ub~Av¯¶~A    ¢^}{¼~ °2z{v ~AuZ^|




~A   }\ Æ ¬·X^}{|ud2 ¸ r%s2vev?«Å^v#"s2v«Â~^e^"z{ÉF~A"z^ A« R~A Æ ve}0ub~A""z± Y   ;>H$Bz[^}{
~Az{ub~Av¯½¶szsjuZv~A2"s~AÀ
Y   ;>H$B L p  ;>=@?A	B2r  ;>	 ? U B  vXz  |~A} Ç®G È
½¶s2vev p  ~A  r p~Avp"s2vp""|2~Av  ^2
ve"Ä^~Az{}{z{J¼~A  X^"^}{}~Az{}{z{·¾ub~A""zXvX¯¿v?¬&vXe"z{Äve}{ ¸ " "
~A  ~A  ½¿~X©#^
~Az{p"|2s ~«®~^e^"z{ÉF~A"z^jX^2"z"¿z{)&ve»«®^"udz{#"s2v
 A« ~Aveudz{"z~A} R~A Æ ve}Lub~A""z± YiJL
	 BC  H  M " ¯2~A  z{%""|2~A"z^j~A¶"s2v  v?¬
z{v  uZ  ve}L^  ve ¸ r%sz¿\zve}  ¯z{©"s2vR}v?«V-«®~^e^¯2~A)vX""z{ub~Av p «Å^¿"s2v[^2ve"Ä~Az{}{z{·ub~A""z± p À
Y )  ! L  .  T   Q 0 ! Ç® È
p L  T - _T ? r L  T - _T  ! Ç® È
2^u p ¯¿vX""z{ub~AvX¢A« ;>=@?A	BZ~A  A«R"s2vjvez{ve2"""|2e"|vj~Av vXXÄvev  ~^Z Æ ves2v z{ ¸ +~A  "s2v " &ve  z±L¯vX"vXe"z{Äve}{ ¸Ò¹ p"s2v^|"|»¬·^}{~^v¯2"szz Æ 2½¶j|  ve
"s2v~AuZvÁA«+~A}~A2Xv  v~A}{z{ÉF~A"z^Ç È ~A}{^"z{"su 7 w; ¸ r%sz)v~^"z{}{ v?Gve  )D"s2v
z{|PºA^|"|R^2v 7  " ; ¸  |v?ve"zve2Xvz¶"s~Ave}vXe"z{   L   " z{DÇ®G È z¶ve}veÄ~A
7 9#; ¸
 Ë " 	 &¤#" &
	 
n¦G¤¥ "V§ Ë £)( ¹ «½-v¶X^ud|vR~A  ""|2~Av¶"s2v  A«~ =
	^µ\´ veudz{"z~A}
[~A Æ ve}0ub~A""z± Y  JL  T Y  !_ ¯&½¶z{"s  T7~A   _ ·½¿ Æ 2F½¶lz{Äve""z{}vdub~A""zXvXF¯"s2vel"s2vd«®~^e^7z{¾Ç® È ½¶"z{vÀ p L  STT    T - _ ~A  r L  T - _  ! ; !_ B ST ¸ "e}~^
"z~A}~A~^s 7 G¯;G¯ $¯%;z#2^"ub~A}{z{Évp"s2v  ~A
~Á"|2
s¼"s~AZveÄve"`z{|}~A
Ä~A}{|2vj}{zvX¢ve·½¿vXve  ~A  " ¯~A  "s|2)vevX
ve)"s2vX"z{2vjA«"s2v~A}vve·½-vXve"s2v©"|2"~^XvXA«3"s2vb«V|"|v)~A  "s2vb~^"  ~A
~ ¸ r%sz2^"ub~A}{z{ÉF~A"z^¼s2ve}{2d~XÄ^z  z{
\|uZve"z~A}^}veuZ \#~A}~A2ez{"s2v¶v?ÃvXeÒA«&"s2v%ub~Az{ZuZ  vX;~A  "s2v%}vX ve2ve"ve"z
^2vX ¸8¹ Z"s2v^|"|»¬·^}{b~^v¯G~[|2"|~A}½%~XZ\XvXv  z;s2v  T-~A   _ ~^Ò"s2v
z{\ÄvevXA«"s2vbveudz{"z~A}%XÄ~A"z~A2XvXdA«%"s2vZ«V|"|v)~A  ~^^|"|uZv~^"|veuZve ¸
¹ p"s~A~^v¯"s2v½-vez{sv  veudz{"z~A} [~A Æ ve}ub~A""z± Y  s~^¶2^"u " ¸ r%sz~A~^sz Æ 2½¶~^%"s2v~A2^z~A}Ä~A"z~Av~A~A}{"zÇ  È ~A  z%~A""ze|}~A"}{)|2v?«Å|}L½¶s2vep"s2v
^  ve0A«2"s2v;XvX[;   Bz| Æ 2½¶ ¸ "¶ ~A"z{["sz$z  v~3"s2vÒz{|»¬·^|"|0uZve"s2 
z{
vXe"z^j ¸ #zv~^" ¸
[[ ê=<?>û]tKq
    .   e´ 	      % 
³)´ e´   =  ?µÅ³
   (# *#%z* 	w0 02*  *N  0 ,    (+ !  (0w#%   /6" ),(7*89:










~A"|v 7 G¯L#9G¯2 ; ¸
 ! (# *#%R*NR	4/0 02'*/  *N  0 ,    4**  '* 5w*/)6"(:
" ·z~A}^}veu z{vX""z{ub~A"z{©~~A
~AuZve""z7uZ  ve}«Å^u  ~A
~#z%"s2v  veve"udz{~A"z^
A«&"s2v%uZ  ve}^  ve ¸ 2^ "s2v¿vXve\Òvez{ve2"""|2e"|v¶z  ve\"z±°~A"z^b^}veu¯"s2v  z{uZveG¬
z^ FjA«"s2v3ub~A""z±	 "s2^|}  v3vX"z{ub~Av L¸ ¹ ¢"s2v"|2~^Xv~A}{^"z{"suZ¶A«_vXe"z^pG¯
"sz;½-^|}  ~AuZ^|Ò+vX""z{ub~A"z{ bz{Ç®G È ½¶z{"s   L   " ¸0¹ d"s2v3&^}{v?«Åveve2Xv  y2¿~A}{^"z{"suZA«%
vXe"z^nG¯"sz7½¿^|}  ~AuZ^|pvX""z{ub~A"z{"s2v  ve2^udz{~A^&^}{2A¬
udz~A}%^  ve  ¸ 2^"ub~A}%Xv  |vXvX"z{ub~AvbuZ  ve}A«  z±ÃLveved^  ved~A  X^ud~Av
"s2vX
vuZ  ve}-~^XX^  z{~ \|~A}{z{·Ze"z{ve"z^)"|2
s©~^ "3Æ ~Az Æ v  Ò8z{~A};v  ze"z^ * "^
^RzP~A2ve  3jz{z{u+|u 3RvX
e"z{"z^  ve"sÁe"z{ve"z^ 7 :9 ; ¸ F½-veÄve¯&
~^e"z~A}0v?v?¬
"zve2Xv+½¶z{"s"s2v~A}{z~A"z^ÁA« "veu z  ve"z±°~A"z^ÁuZve"s2  Z"""|2e"|
~A}  \~AudzX
 ~A
~b}v~A"2v  "s~Az{zR~Z\  z  v~Z¢FÄve»¬·"&vXez±«Åp"s2vuZ  ve}8^  ve % ©X^ud|v"s2v
^}vX%«Å^u "s2v7uZ  ve} % ~A  Zve}{z{udz{~Av+|"z^|2¶|uZve"z~A}8&^}vX~O«Vve"½%~A   ¸
r%s2vA¬·~A}{}v  ?´0\²%   ´®³   	 7 G¯ ;z%~7Äve"d
~^e"z~A}&\^}&~^
szveÄvR"sz~A} ¸ r_ X^2"""|2e¢"|2s ~Á
~Az{}{z{ÉF~A"z^  z~A
~Au¯¶~Ávev~Av  ~A~A}{zZA«R"s2v 
~AuZv
 ~A
~©ve[z[ve»«Å^"uZv  ¯_v~^sl"z{uZv«®^[~  z±ÃLveve7uZ  ve} ^  ve ¸ r%s2v^}v#Ä^~A}{|2vXR«Å^u
v~^
sD~A~A}{G"z+~AvZX^uz{2v  z{ ^2vZ"z{}v  z~A
~Au¯$½¶z{"sD~^7s2^"z{É^\
~A}¿~OGz7"s2vd^}v
«Åv \|2ve2eb~A  ~^-Äve""z~A}~Oz-"s2vuZ  ve}^  ve ¸ r%s2v&^}vzÒz{  z~Av  \¢~+\u&^}&z{
"sz  z~A
~Au ¸ 8^}vX3X^"vX"^  z{Z#"s2v7s\"z~A}$"veu ~Av~A~A¶2v~A"}{)z  ve"z~A}
«Åv \|2ve2el}\~A"z^2«®^+veÄve"D~A~A}{G"z¯8½¶szs`z+v~  z{}{nÄ\z"z{}vbz{n"s2v  z~A
~Au ¸ r$
^z{^|7"s~A"s2v«Vv \|2ve2e¼ÇVvX" ¸d ~Audz{ Ä~A}{|2vZ~A  vez{veÄvXe^ È A«¶~©^}v«Â~A}{}
½¶z{"sz{ Xve"
~Az{¾^|  bA«["s2vpvX"|}{b^










     w (+*/R  *N.6 (+ */(+0 02
 s~Abz¢z{ud^"
~A¯z{ Äzve½ A«"s2vj
~^e"z~A}[~A}{z~Az{}{z{J A«"s2vjÄ^~A"z^|2¢uZve"s2  
l«V|}{}±¬·~A}v^}veuZ¯¿zd"s2vp½¿~¼"s2ve ~Av ~A}vp X^vp½¶z{"s "s2vX^2"
~Az{)~A 
v \|z{veuZveRA«0"s2v[z{  |2"""z~A}_vX""z{d



























r%s2v2^G¬Â½¶sz{ve2vX7A« "s2v©ÇV| Æ 2F½¶ È v?ez{
~A"z^À¶v ¸  ¸ "s2vevz2¢|~A
~AvXvd~A







r%s2v¶"|ve"&"z{"z^ZA«&}~A"v%}veÄve};A«s~A"uZ^z3X^ud&^2ve\À0v ¸  ¸ s2ve}{zX^veÒ^^
«Vv \|2ve2ezvX¯2~Avez{2v+s~A"uZ^zX¯"|"z{2v"s~O«V^¶v~A"&vXv  F¯ve ¸
 
 ~A"v  ~A
~dP~Aud}v"z{ÉvX¯A«Åve X^
~Audz{~Av  ½¶z{"s}~A"v7uZv~^|veuZveve"^ ¸
 
 ~A"v7uZ  ve}_"z{ÉvX ¸
 
3^|2""2vX
%#uZ  ve}Lz{2X^2"zve2ezvXÀ;"ub~A}{}LÄ~A"z~A"z^2z{p"G"veu ves~XÄz^  |»¬














ve2^X^|\¯~A  }~A"v7uZ  ve}^  ve ¸
 








}{z~Az{}{z{JDA«¶"s2v¢^&v  uZve"s2   ¸ r%s2vZ2v?G|2vXe"z^`X^\
~Az{2Z~  ze|2
"z^DA«
"s2v^}veu A«z{G¬®­2z{s  ~A
~#~A~A}{G"z ¸ ^vz{  |2""z~A}v?2~Aud}vX%~A)&v3«Å^|  z{©"s2v
}{z{ve
~A"|v 7 9¯Gw ; ¸
[[ ê=<?>û]tKq
    .   e´ 	      % 
³)´ e´   =  ?µÅ³
   Z IG	
	4*#%'*/ 2  	w/
 v2½ ve^"¿^©z  ve"z±°~A"z^ vX"|}{-^
~Az{2v  ^©v~A}&z{G¬®­2z{s¶uZv~^"|veuZve\%A¬
Äz  v  \ " Äz^2~AXve} 37~^
~A|}{¶½¶z{"sz{ "s2v * | Æ ~ZA»vXe
	 ¸ y\|2XXvX"z{Äv  ~A
~





~O«V¯«Å^-v?~Aud}v  vXev~^"z{«Å|2ve}2ub~^ z{b"s2v¶
~A Æ F¯~AZv¶"
~^ Æ v L¸
r%s2v+v?ve"z{uZvez{\Ä^}{ÄvX3J½-ve}{Äv^|"|3ve2^3~A  ^2v7z{|3ve2^ ¸
r%s2vZ"|2"~^Xv?¬Â~^v  uZ  ~A}%~A~A}{z~A}{^"z{"suZA«%vXe"z^ )s~^vXve "| |2z{
"s2v3yez{}~AZ  ~A}\^}{XL¯½¶szs¢X^
~Az{2-~A}{}"s2vX
v~A}{^"z{"suZ¯\~AuZ^+^"s2ve 7 ¯ ; ¸
r%s2v+&^}{v?«®veve2Xv  y2¿¾uZ  ~A} ~A~A}{G"zR~A}{^"z{"suZ[A«ÒvXe"z^ÁZs~^vXve "| |2z{
"s2v
  r_vX  ~A^}{& 7  " ; ¸
 (  (   ¢Ë £   ¤£ Î "¤ ¤ Ë £ $¡$£  ¦§ ËÍ ¡$¦£ Ë Ð ¦ 	Ï ¥"¤ 
 £
 v8«®e|2^7"s2v;X^ud~A"z^A«"s2v ^|"|»¬·^}{7uZve"s2  ½¶z{"s+^uZv A«G"s2v z{|PºA^|"|
uZve"s2    vXe"z{&v  z{DvXe"z^  ¸ " }{}-uZve"s2  s~XÄv¢vXvenvX"v  ½¶z{"s  z±ÃLveve½¶z{G¬
 F½"z{ÉvXF¯~AuZve}{ G¯$G¯$b~A  Z
~Aud}vX ¸%¹ "|"23^|"s~A¯X³+´Vµ6
' ´   :   e¯uZ"¶z{|PºA^|"|3uZve"s2  3"|GÃLve%«Å^u &^¶vX"|}{¯vX"vXez~A}{}{p~A}±¬
^"z{"su  ¸  %vX~A|2v[A«8"s2v^ \|~A}{z{·©A«$"sz%uZve"s2  ¯Gz{%z-z{\"|z{"z{Äve}{)~A"|
~A}L"s~A¯X³R´Vµ6  ?´   :   ¿~A~Az{¯\"s2vX^u+z{2v  uZve"s2  %+~A  w  +2^Òve»«Å^"u ~^Ò½¿ve}{}






½¶s\j½¿vd2½ «Åe|27^l"s2v#uZve"z{+A«¿"s2vd^|"|»¬·^}{luZve"s2  Ç®~A}{^"z{"su5 È ~A  "s2v
vX"¶z{|PºA^|"|uZve"s2  Ç®~A}{^"z{"su6 È?¸





~Au Xv  |vj~A  |2z{n"s2v \u&^}bz{ °2|vn % ~A  "s2v~A}{z{uZve)A«7"s2v
 ~Audz{¢X\v5bezve\R~A  A«0"s2v7 " 2 Ä^~A}{|2vX~Av"s2½¶ ¸
?&  _¤ Ï ¤  _¤ $£ Ï ¤  ¤ Í
Ï'&  Ì (  %^"s¼"
~Az{}{z{ÉF~A"z^  z~A
~AuZd^
~Az{2v  ½¶z{"s "s2v
P~AuZv
~Aud}vR"z{Év#Ç» È z{¢"s2v3«Vv \|2ve2eZ
~AvRA«_z{vevX¶~Av  z"}~v  z{¢°2|v7 ¸





z{ "s2v)«Åv |2ve2e¼~A  ¯~^bz{ °2|vÁ ¸ ¹  ~  z{"z^ nvX""z{ub~A"z{D"s2vp«Åv |2ve2ezvXF¯
½¿vd~Av#~A}
bz{\vevX"v  z{Á\  vX"z{ub~AvX7A«Ò"s2v  ~Audz{Xv5bezve~A  "s2vuZ  v?¬
s~A&vX ¸ r%sz[~AjvveÄ^~A}{|~Av  j"s2v \|~A}{z{·A«;"s2v  ~Audz{p~A}{z{uZve\+~A  A«;"s2v
 " 2~A}{z{uZve ¸ Ç 0 ^v"s~AR"s2v}~A"ve[zRuZv~Az{^«V|}Â¯vX~A|2v½-vd~Av|2"z{pve2^|s

ve2^ È?¸ r%sz#z  ^2v©«Å^#J½- "vXez±°)uZ  vX#z{ °2|vXdwn~A   ¸ 2¿^ud~A"z{n"s2v
h)i[hR
 
	Aµ´?´X´´ ´®³  "
8z{|vZÀ  _¡8£  ¦§ Ëd¬Òv~Az{bA«0"s2v"u+^}¶|2v  z{)°2|vXR 9 ¸
\|~A}{z{·¢A«_"s2v
~Az{}{z{ÉF~A"z^  z~A
~AuZ¶A«8v~^s)uZve"s2  Äz  vX~+\  z{G«®^"ub~A"z^p^
"s2v7|&ve"z^"z{JA«$"s2v7z{|PºA^|"|7~A~^s ¸
  ¦




~Aud}vR|2v  «Å^¿"s2vz  ve"z±°~A"z^z{2ev~^vX ¸ r%s2vz{|PºA^|"|¶vX|}{%~Avve"ve
"s~A"s2vÒ^|"|»¬·^}{+^2vXF¯O|$"s2v  z±ÃLveve2XvÒz{"s2v;ve»«Å^"ub~A2XvX8A«"s2vÒz{|PºA^|"|
~A  ^|"|»¬·^}{uZve"s2    vXev~^vXR½¶s2vej"s2v
~Aud}v+z{Év+z{2ev~^vX ¸ " jv?2~Aud}vA«
s2F½ "s2vR^|"|»¬·^}{©vX""z{ub~AvX%z{udÄvX½¶s2ve©|2z{sz{s2ve
~Aud}vR"z{ÉvX¿z  z"}~Xv 
z{¾"s2v  ~Audz{D~A   " 2  z~A
~AuZ¢z{¼°2|v  ¸ R½¿veÄve¯%z{b~A&v~Ab"s~A¯¿½¶s2ve
XvX"z{"ub~A}{}ÒvXX^  F¯0"s2vbz{|PºA^|"|#uZve"s2  z+&ve"ve"s~AD"s2v¢^|"|»¬·^}{
^2v ¸
 Ë ¥"N¤£ Ï  $£#" &







~Av ¸ 0 ^2ve"s2ve}vX¯«®^^uZv#uZ  vX¯Lz{7ub~Xs~Avel"s~A7"s2vXv#uZve"s2  
zve}  ve"ve$vX""z{ub~A"z^vX"|}{ ¸" v?~Aud}v-A«|2s~3"z{"|~A"z^+z  z"}~Xv  z{7°2|v 9¯
½¶s2vevz{p~A vjvXve "s~A¯we³)´Vµ ´6e´    d³#e¯"s2vX^uz{2v  ~A~^s2vX
~A  w z{Äv"s2v &vXjÇ®~A}{&vez{©2^bv~A}{}{  È vX""z{ub~AvX ¸ 2^p~A}{}"s2v ^"s2ve©uZ  vX¯
"s2v+z{|PºA^|"|[~A~^
s2vX7v?GXve3«Å^R~A}{^"z{"su6Z~XÄv+z{z±°~A"}{½¿^v+vX|}{
} Æ z{b~A~A}{}«Vv \|2ve2ezvX¯  ~Audz{R~A   " 2¿3~A}{^ve"s2ve ¸
[[ ê=<?>û]tKq
    .   e´ 	      % 
³)´ e´   =  ?µÅ³
8z{|vbGÀ   $¡$£  ¦§ Ë¬v \|2ve2eÁ
~Az{}{z{ÉF~A"z^  z~A
~Au % wpuZ  vX&^z{\v  ^|7¬ ¹ G¬
|PºA^|"|#ÇV}v?«V È ¯^|"|»¬·^}{lÇV"z{s\ È?¸
8z{|v#GÀ   $¡$£  ¦§ Ë¢¬ " e}ve3} Æ ~A^uZvuZ  vX % b^|RA«;"s2v+wbuZ  vXA«Ò8z{ ¸ 




8z{|vÒw2À   $¡8£  ¦§ Ë3¬ 37~Audz{Xv5bezveÇV^ È ~A   " 2ÁÄ^~A}{|2vRÇV&^"^u È «Å^$uZ  v
¬ ¹ |PºA^|"|ÇV}v?«Å È ¯2^|"|»¬·^}{ ÇV"z{s È?¸
8z{|v¿GÀ   $¡8£  ¦§ Ë3¬ 37~Audz{Xv5bezveÇV^ È ~A   " 2ÁÄ^~A}{|2vRÇV&^"^u È «Å^$uZ  v¿
¬ ¹ |PºA^|"|ÇV}v?«Å È ¯2^|"|»¬·^}{ ÇV"z{s È?¸
[[ ê=<?>û]tKq
    .   e´ 	      % 
³)´ e´   =  ?µÅ³
8z{|v GÀ   $¡$£  ¦§ Ëj¬  z{  ½ "z{ÉvZv?ÃLvXe«Å^uZ  v¢w2À`ÇV}v?«V È ¯%DÇV"z{s È ¬
" }{^"z{"su pÇÅ^|"|»¬·^}{ È?¸
r%sz+"|vX""s~A+"s2vZz{|PºA^|"|#|2"~^XvZuZve"s2  b¯0 ~A  wz{DvXe"z^ 
ub~ds~XÄv&ve"ve-&ve»«®^"ub~A2Xvz{¢^"s2ve¿~A}{z~A"z^2F¯\½¶s2ve©"s2vz{|%"z{~A}s~^;ve"ve
v?ez{




 (  (  ¢Ë £   ¤£ Î "¤ ¤ Ë ;Ï  Ì ¥ Ë JË ¥ Ë& § Ë$      ¦ 	Ï ¥ "N¤ 
 £
 %^"s"s2v z{|PºA^|"|;~^"s2vÒ^|"|»¬·^}{7Ävez^2$A«"s2v;^}{v?«Åveve2Xv  y2¿puZve"s2 
s~Äv[&vXve~A}{zv    ~A
~vXX^  ¶A«  z±ÃLveve}ve"s2À¶G¯LG¯2
~Aud}vX ¸
¹ ¾"s2vj^|"|»¬·^}{ ~^v¯%"s2vje©"&vXe"
~nve·½-vXve "s2v^|"|)~A  ·½¿`
ve}vXev 
v?«®veve2Xv+^|"|ve"Äv  ~^3"z{ub~A"  ~A
~ ¸¿¹ p"s2vz{|PºA^|"|[~^v¯2^}{p^2v+z{|
½%~^bvX
ve©~A  "s2v 03d&veJ½-vXve "szbz{|)~A  ~A}{}3^|"|©ve"Äv  ~^Z"z{ub~A"
 ~A
~ ¸¼¹  ^  veZl^
~Az{ uZ  ve}d½¶z{"s "s2vpP~AuZvp|u&vebA«[uZ  vX¯Ò"s2v)ub~OGz{u+|u
 ve2^udz{~A^R^}{\2^udz~A}0^  ve3z{j"s2vz{|PºA^|"|7~^v7½%~^R
s2ve b&v·½¶zXv"s2v
^  ve3z{p"s2v~^v7A«0"s2v^|"|»¬·^}{  ~A
~ ¸
?&  _¤ Ï ¤  _¤$£:( Ï _¤  ¤ Í
























































s ss s s
s ss s s
s ss s
ss
s s s s ss s
s s ss s s s
s s s ss s s s s
s s ss s s s s s
s s s s s s ss s s s s
s s s ss s s s s
s ss s
s s s s s ss s s s s s
s ss s s s s s s s s
s s s s s ss s s s s s
s s s s s s s ss s s s s
s s s s ss s s s s s
s s s s s s ss s s s s s s s
s s s s s s s ss s s s s s s s
s s s s s s s ss s s s s s s s
s s s s s s s ss s s s s s s s s
s s s s s s s ss s s s s s
s s s s s s s ss s s s s s s s
s s s s s s s ss s s s s s s
s s s s s s s ss s s s s s s s
s s s s s s s ss s s s s s s s
s s s s s s s ss s s s s s s s
s s s s s s s ss s s s s s s s
s s s s s ss s s s s s s s s s
s s s s s s ss s s s s s s s
s s s s s s s s s ss s s s s s s s
s s s s s s s s s ss s s s s s s s
s s s s s s s ss s s s s s s s s s
s s s s s s s s s ss s s s s s s s s s


















v v v v vv v v v
v v v vv v v v
v v vv v v v v
v vv
v v vv v v
v vv v v v v
v v v v v vv v
vv v v v v
v v vv v v
vv v v v



















































s ss s s s
ss s s
s s ss s
s s s s ss s s
s s ss s
s s s s ss s s
s s s ss s s s s
s s ss s s s s s
s s s ss s s s s s s
s s s s s ss s s s s
s s s s s ss s s s
s s ss s s s s
s s s s s s s s ss s s s s s s s s
s ss s s s s s
s s s s s s s ss s s s s s s s s s
s s s s s s s ss s s s s s s s
s s s ss s s s s s
s s s s s s s s ss s s s s s s s
s s s s s s s ss s s s s s s s
s s s s s s s s ss s s s s s s s s
s s s s s s ss s s s s s s s s s
s s s s s s s ss s s s s
s s s s s s s s ss s s s s s s s s
s s s s s s s ss s s s s s s s
s s s s s s s ss s s s s s s s s
s s s s s s s ss s s s s s s s
s s s s s s s s ss s s s s s s s s
s s s s s s s s ss s s s s s s s s
s s s s s s ss s s s s s s s s
s s s s s s ss s s s s s s s
s s s s s s s s s s s ss s s s s s s s s s
s s s s s s s s s s ss s s s s s s s s
s s s s s s s s ss s s s s s s s s s s
s s s s s s s s s s ss s s s s s s s s s s s











v v v v vv v v
v v vv




v vv v v
v vv
v v v v
v v v
v vv v v
vv v v
v v v v v vv v v v
v v v v v v vv v v v
v v
v vv




v v vv v






v v vv v v
v v v v vv v v v
v vv
v v vv v v
vv



















































s s s s
s






s s s s s
s s
s s s s s
s s s s
s s s
s s s
s s s s s s s
s s s s s
s s s s
s s s s
s s s s
s s s
s s s s s
s s
s s s s s
s s s
s s s s
































v v v v











































f f f f f

















































s s s s s
s





s s s s s
s s s s
s s s s s
s s s s
s s s s
s s s s
s s s s s s
s s s s
s s s s s
s s s s s s
s s s s
s s s s
s s s s s s s
s s s s
s s s
s s s s s s
s s s s s
s s s s


















v v v v
v v v
vv











v v v v
v v v v
v
v v
v v v v v
v v v
v v v





















f f f f
f
f f




























































































8z{|v " À       ¬Rv \|2ve2e vX""z{ub~AvX#~^~©«Å|2e"z^ A«%uZ  ve}-^  vepÇN¬J~Oz È?¸)¹ G¬
|PºA^|"|puZ  vXp~Av vevX
vev       % ^|"|»¬·^}{ ^}vX©  z~AuZ^   ¸ r½-
 z±ÃLveve-uZ  vX¿~Av"s2F½¶jÇÅr_^b¬_&^"^u È «Å^  ~A
~}ve"s2ÒA«;ZÇ  v?«Å È ~A  
ÇÅ3z{s È?¸
[[ ê=<?>û]tKq
$    .   e´ 	      % 
³)´ e´   =  ?µÅ³
8z{|vjGÀ       ¬ 37~Audz{vX""z{ub~AvX#~^~p«V|2e"z^`A«¶uZ  ve}¿^  ve©ÇN¬J~Oz È?¸)¹ G¬
|PºA^|"|puZ  vXp~Av vevX
vev       % ^|"|»¬·^}{ ^}vX©  z~AuZ^   ¸ r½-
 z±ÃLveve-uZ  vX¿~Av"s2F½¶jÇÅr_^b¬_&^"^u È «Å^  ~A





~^[~Z«V|2e"z^ÁA«;"s2v+uZ  ve}0^  ve[~^  z"}~Xv  ^Á8z{|vX " ~A  G¯&~b&z{"z{Äv+v?ÃLvXe
A«|2z{ "s2v¢z{|z{G«®^"ub~A"z^ z+Äz"z{}vÀ"s2vbÄ~A"z~A"z^ A«"s2vb^|"|»¬·^}{n^}vXz
}~A"ve ¸ ^uÑ"s2vXv#ze"|vXF¯Lz{[z~A}pe}v~A7"s~A["s2v#z{|PºA^|"|~A  ^|"|»¬·^}{
^}vvX""z{ub~AvX  ©2^[X^z{2ez  v ¸ r%szzR^~A}{  |2vb"s2vpÇÅ"}{z{s\ È X^}^"z{)A«-"s2v
z{| ¸
  ¦





~Aub~A"z~A}{}{ÁÇÅvXv8z{|v[ È?¸ ^u $z{|vX " ~A  G¯\z{%~A¢v




   &0 $'    6  3 $'8'
 vs~XÄv  ze|2
v  J½-#e}~^vX¿A«_vez{ve2"""|2e"|vRz  ve"z±°~A"z^puZve"s2  ¯"s2v
A¬·~A}{}v 
|2"~^Xv¢~A  &^}{v?«®veve2Xv  y2¿1uZve"s2  F¯ v~^s A«½¶szs ½-^ Æ z{vez{"s2ve½¶z{"s`z{G¬
|PºA^|"|8^^|"|»¬·^}{  ~A
~ ¸ r%s2v XFÄ^~A"z~A2Xv?¬  "z{Äved"|2~^Xv0z  ve"z±°~A"z^uZve"s2 
s~^%vXvepz{ud}veuZvev  ½¶z{"sz{p·½¿d\^}{XvXÀ0"s2v)uZ  |}v7A«8"s2v   A«Å·½¿~Av
   
	;¯8~A  "s2v#uZ  ~A};~A~A}{G"z[uZ  |}v#A«¿"s2v«VvXv   A«Å·½%~Avbyez{}~A 7 G¯L ; ¸
r%s2v-^}{\v?«®veve2Xv  y2¿ uZve"s2  s~^8&vXvez{ud}veuZvev  |  ve8"s2v¿~AuZv%A«$^}{G "





~O«V["""|2e"|vX ¸ 2^R"s2v+|2"~^Xv?¬Â~^v  ~A}{^"z{"suZF¯"s2vv?ve"z{uZve
~A}





~  z{"z^~A}8Ä~A}{|2v+A« |2"z{bz{|3¬-½¶s2veÁ~XÄ~Az{}~A}v¬¿s2^}  3ub~Az{}{p½¶s2ve  ~A
~bP~Aud}vX





v#|2v L¸  «¶X^|v¯$½¶s2ve z{|~AvZ2^uZv~^"|v  ¯$"s2ven^|"|»¬·^}{luZve"s2  ~Av
"s2v#^}{veub~Az{z{j^2vX¯L~A  ^|7""|    veuZ^2""
~AvX["s~A["s2v#vez{2vXve"s2^|}  2^






~^e)"s~A X^|}  vX|}{ ¸
 7'/ 	  6 





~A"z^ £ Ì £ veu z  ve\"z±°~A"z^ È X\^  z{~Av 
[[ ê=<?>û]tKq
    .   e´ 	      % 
³)´ e´   =  ?µÅ³
\    ¯  ve|Äve¯  %ve}{z{|u¯&~A  2¢Aw2 "  	  Ç   " s\  vX" [~^" È ¯X\^  z{~Av  
y^veuZv~G¯1;ve}{z{ÉX\¬01z{}{}~^X^|}~¯2
~A2Xv ¸
r%s2vdX^""z{|"z^nA« " "~A|  /R|~  ve7p~Alv~A"}{Äve"z^lA«-"s2vd"|2"~^Xv?¬Â~^
v 
z{|PºA^|"|+uZve"s2    vX
e"z{&v  z{lvXe"z^nG¯A« -~A 1;vez{}{}~A  ©"s2v  veÄve}^uZve
A«L"s2v7yez{}~A¢^}{XL¯~A  A« " ||2"v[yG~Au+"s2vv?Gve"z{uZve
~A}&vX"|}{Òz{)vXe"z^¢w ¸ G¯
~Av~^ Æ 2F½¶}v  v L¸
 **¢   (  %&$*3$  6'7  X'&&+"47
r%s2v|2v7A«;"
~Av?¬·"~^Xv7vevXve\
~A"z^2«®^uZ  ~A}$~A~A}{G"z¶z¶½¿ve}{} Æ 2½¶ 7 ¯22¯2 ; ¸
^R"s2vdP~ Æ vA«¿X^ud}veve2vX¯L½¿v#"zv?­2 vX~A}{} "s2vub~Az{ v |~A"z^2~A  ~A
~AuZveve ¸ v~^"|uZv+"s~A3"s2vves~XÄz^A«;"s2v"G"veu ~A v  vX
e"z{&v   ~Z
~A"z^~A"p}{z{2v~A
 ~Audz~A}_"G"veu¯~A  "s~A¯z{p"s2vR«Åv \|2ve2e¢
~AvA«8z{vevX"¯2"s2v7z{|%«Å^XvX3~A
vuZ  ve}v  ~^¶~2^G¬·"
~A"z^~A"©½¶sz{v[2^zv ¸ 2¿^2v \|2ve"}{©"s2vve}veÄ~A¶uZ  ve}z¿"s2v
ub~A""z±  z±ÃLveve"z~A}8"veuÀ
 ;AB 	
 ;AB  ;AB L  ; B( ;AB L  ;AB  ; B Ç®Aw È
½¶s2vev  ve2^vX;X^"z{\|2^|2;"z{uZv¯  ?  ?  ~Av%"s2v¿ub~^¯  ~Audz{+~A  ""z±Ã&2vX
0ub~A""z±¬
XvX$vX"vXe"z{Äve}{¯2ÇVsz{s  z{uZve2z^~A} È ÄvXe^ X^}{}vXe8"s2v  z}~^XveuZve A«"s2v  vevXvX
A«&«ÅvXv  ^u A«&"s2v""|2e"|v % "s2v¶v?Gve"~A}$ÇV2^ZuZv~^"|v È «Å^Xv  z;uZ  ve}v  ~^-~R2^G¬
~A"z^~A"½¶sz{v32^zv¶½¶z{"sZ"z{uZv?¬ÂÄ~A"z{XÄ~A"z~A2Xvub~A""z± $ ;AB?¯uZv~^|veuZve%~AvX^}{}vXev  z{Z"s2vÇÅA«Vve¯\}½  z{uZve2"z^~A} È ÄvXe^ (©¯ub~A""z±  "
~AvXÒ½¶s2vev3"s2v3ve2
^~Av[}~Av  ¯~A   z3~½¶sz{v7uZv~^|veuZveR2^zv ¸
r%s2v  Z³ ^ vez{veG«Åv |2ve2ezvX"¬®«Vv \|2ve2ezvX  ve2^v  ve2ve"z~A}{}{/\ ;¯~A  "s2v
 Z³ 0Pµ ^vez{ve\ÄvXe^  ve2^v  ve2ve"z~A}{}{p &&¯2~Av^}{|"z^2A«»À ;   _ 	   B L  ? ;   _ 	   B L s?  L  Ç® È
yG~Aud}{z{)"s2vuZ  ve}8z{ *  ¸ Ç®Aw È ~A[
~Av " \zve}  R"s2v  zevev"z{uZv+uZ  ve}0z{l"
~Av~^XvR«Å^"uÀ    L 	   ST () L =   ST+*  Ç®$ È
½¶s2vev"s2v"
~Av~A  "s2v^|"|R~AvÀ
  L   ;  0B
 ;  0B"! ? (E L ( ;  0BV? Ç®:9 È
h)i[hR
 





	 L ( 7? L  Q S 	
 S 	 	 ? = L {   |/?
~A  ½¶s2vevb"
~Av#2^zv  ¢X^
~Az{2^"sn~¢uZv~^"|v  z{| ¢~A  ~A    ¯
/~A|2"z~A¯ÉveA¬ÂuZv~A¯½¶sz{vÁ2^zv¯½¶z{"s XFÄ^~A"z~A2XvÁub~A""z±LÀ $ nJL < . ! "
½¶s2vev < ; e B  ve2^vX"s2vv?vXe
~A"z^ ^ve
~A^ ¸ y\
~Av  ~A  ^2
ve"Äv  ^|"| ( s~Äv z{uZve2z^2F L . 	 ~A  C%vX"vXe"z{Äve}{¯O½¶z{"sC+ÇÅA«Vve+u+|2s È "ub~A}{}ve_"s~A$FZz{
~^e"zXv ¸r%s2v~^"|ud"z^2^"s2v2^zvX3~Av  ze|2
v  z{vXe"z^j ¸
r%s2vvez{ve2"""|2e"|v;"?7B¿A«0"s2v"
~Av["
~A2z{"z^ ub~A""z±s	 vX"|}{%«Å^u À  ;>	,I  B L  ?5	 L 
~A  "s2v[uZ  ~A}~A
~AuZveve  v?°22v  z{nÇ® È ~Av"s2ve  v  |2Xv  ~^À
(   L ? & L  JL = Ç® È
r%s2vdX^}{}vXe"z^`A«-~Az{ ;"? B3«®^"u ~)~A2^z~A};~A
~AuZveve"z{ÉF~A"z^bA«%"s2v#^}v#~A"
A«0"s2v7"G"veu z{DÇ®$ È ¯v?«®ve"v  Z~^¶"s2v+"veu vez{ve2"""|2e"|v ¸
 X0 8 
7 ; "   ve}{s~AzÂ¯G ¸ ¯2-s2^|¯ 2 ¸ r ¸ ¯ 1;ve"s~^veve¯ ¸ Ç» "$" 9 È?¸  "z{"|2"~^XvuZve"s2  
z{n"s2vZz  ve\"z±°~A"z^ ~A  uZ  ~A}¿~A~A}{G"zA«"""|2e"|vX ¸ "³  % 	  ³ b´Vµ6 ! ´Vµ
 ´  ´®³   ³#:   #" %%$ ³) ?' e¯  "}~A  ¯8}^"z  ~ÇV ¸  "  "  È?¸
7  ; "   ve}{s~AzÂ¯¶ ¸ ¯ /7^|
~A¯¶ ¸ ¯  -z^}
sz{zÂ¯r ¸ Ç» "$"$"È?¸  G¬Â}{z{2vjuZ^z{^"z{`A«
~Az{e
~O«V"""|2e"|vX|  ve| Æ 2F½¶nv?ez{
~A"z^ ¸   ?µ )  '&(" ?´   )& 	  "³
  % 	¯Ç  È ¯ ¸  "  ¸
7  ; "3Æ ~+* Æ v¯  ¸ Ç» " 9^ È?¸ ~A Æ FÄ\z~AvevXve
~A"z^dA«2"s~^""zÒ\XvX
vX\[~A2^z~A}
Ä^~A"z~A}vX ¸ &6   -,\³ '$³ .$ ³´»³±¯LG¯ ¸ #9^ ¸
7 w; "3Æ ~+* Æ v¯ ¸ Ç» " 9Ow È?¸ y\\
s~^""z©"s2vX^"nA«3udz{z{ub~A}%v~A}{z{ÉF~A"z^ ¸  0/1/1/  G´Â³ ´ 
$ ³´"³ ¯L " ¯2 ¸ $:9 :9Ow ¸
7  ; " "|¯  ¸ y ¸ ¯2 [|2¯¿y ¸   ¸ Ç» " $ È?¸ /[ve2ve
~A}{z{Év  "z{2ez{~A}X^ud&^2ve\b~A~A}{z
~A  z{[~A}{z~A"z^Áz{Á~Az{ub~Av#"s~^""zv~A}{z{ÉF~A"z^ ¸¹   ³   	 '   
   ´®³ ³ 3&´Â³ ?µ6 ?´  "³  ?e¯ ¸  ¸ 3[vX
~AzÂ¯ *;L¸ ¯ [}{|½¿ve " ~  veudzR |}{z"s2veF¯






êîã_$ å]$ î]$ëJßAçPê  é»áàðêRîÂßAé0áÅî·çîÂé è^ç
á®àâá"$
[[ ê=<?>û]tKq
    .   e´ 	      % 
³)´ e´   =  ?µÅ³
7  ;  %~^
veÄ\z{}{}v¯ ¸ ¯ "   ve}{s~AzÂ¯ ¸ ¯  ¿ve\Ävez"v¯ "¸ Ç® È?¸ y\|2"~^Xv?¬Â~^
v  «Â~A|}{
 vevXe"z^~A}{^"z{"suZ¶«®^¶Äz{
~A"z^uZ^z{^"z{ ¸  G´Â³ ´ ¯$Ç» È ¯2 ¸ G "G¸
7 9#;  %~^
veÄ\z{}{}v¯- ¸ ¯ %veÄvez"v¯ "¸ ¯/[^|P~A¯- ¸ ¯ Rve"ub~A2¯ ;¸ ¯¿jveÄve}Â¯ ;¸ ¯ 1Ò~A
 ve " |\½-ve
~^ve¯  ¸ Ç®G È?¸  |"|»¬·^}{|2"~^Xv?¬Â~^v  ""|2e"|
~A}z  ve"z±°~A"z^À
«V^u "s2vX^"pZz{  |2"""z~A}8vX""z{©
~^e"zXv ¸  &  / ,\³   ³   " '  &(" ?´   
    ´  $ ³´"³±¯LÇVw È ¯2 ¸ $:9 ¸
7  ;  %~A|2ve¯ 3 ¸ Ç® È?¸ 2-s2"z{nz{\veve)~A
~AuZveve¢z{ "|2"~^Xv uZve"s2  Àl~n"|»¬
Äveb^)~^\ud^"zvX"|}{ ¸ "³  )%	³ ´Vµ3 ´Vµ    $  
	 & &(" G³ % ³)
 ´ =´®³ ' &(" ?´    e´ 3/=e´( ´®³  & &6  ¯\3^"ve  ~Au¯ 0 ;¸
7#" ;  %~A|2ve¯3 ¸ ¯=3[vez""}ve¯% ¸ ¯  y
s2ve"ve¯  ¸ Ç» "$"$"È?¸ 2¿^2"z"ve2e¼~A  ~^"ud^"z
2^"ub~A}{z{·¾A«^uZvj"|2"~^Xvj~A}{^"z{"suZb«®^¢"G"veuZd½¶z{"s2^|)^2ve"Äv  z{| ¸
 ´Â³ ´ ¯G¯G ¸ AwAw ¸
7  ;  %~A|2ve¯ 3 ¸ ¯ \~A2^¯ ¸ Ç® È?¸" ~A}{G"zRA«;"s2vd~^"\ud^"z^ve""zvX7A«;"s2v
 .* y¾·&v+A«0"|2~^Xv~A}{^"z{"suZ ¸  G´Â³ ´ ¯$G¯ ¸ w " 9  "G¸
7 ;  %~A|2ve¯3 ¸ ¯1  »|2¯ ;¸ Ç® È?¸ y^uZv¢«Â~^e~A^|#"s2v¢
s2^zXv)A«3"s2vb½¿vez{s"z{
ub~A""zXvX¶z{  ~A"z{uZ^v7·v7A«8"|2"~^Xv7~A}{^"z{"suZ ¸  ´Â³ ´ ¯2G¯G ¸ 969)9^ ¸
7  ;  ¿ve\Ävez"v¯ "¸ ¯ |2
s2¯ ¸ ¬ ¸ Ç» "  È?¸ y\z{}vbP~Aud}vZuZ  ~A};z  ve"z±°~A"z^¼A«3~
2^G¬·"
~A"z^~A""s~^""z[XvX ¸  0/1/ /  G´Â³ ´  $ ³)´»³) ¯Ç» È ¯2 ¸ $69Ow ¸
7  ; 2%~Az{2vX¯G ¸ *¸ Ç» "  È?¸  ')3&´Â³#?µ  e´ &(" ?´   z{}ve¢yve"zvX¿z{©;^~Az{}{z{·p~A 
~A"s2veub~A"z~A} y\
~A"z""zX ¸
7 ew; 2%~A|&ve"s2v¯ ¸ ¯/[|z{}{}~A|uZv¯A ¸ ¯ 1;ve"&FÄve¯ ¸ ¯^0~A"}\¯ *¸ ¯  1Ò~A}~A  |z{¯y ¸ Ç®Aw È?¸
" ^}{v?«Åveve2Xvz{ud}veuZve
~A"z^A«L"s2vub~OGz{u+|u }{z Æ ve}{z{s2  X^ud}v?Z«Åv |2ve2e\¬
 ^ub~Az{jvX""z{ub~A^~A  ^uZv[z{  |2"""z~A}0~A}{z~A"z^2 ¸ "³    	 b³ ´Vµ6´Vµ   
´ '´Å³)   ³   #" %%$ ³) ?' e¯3[v~A"^"¯2jzsz{~A ¸
7  ; 3Rve}~A|\½-v¯\ ¸ ¯ " }{}veub~A2¯ ¸  ¸ ¯   -F½¶ 3 ¸ Ò¸ Ç» " :9 È?¸ r%s2v¿^}{\v?«®veve2Xv¿"z{uZv  A¬
ub~Az{ZvXsz\|2v ¸ "³    	 ³ ´Vµ6  ´Vµ  ´  ´®³   Á³ : ' "   $ ³    
ÇV ¸ Aw È?¸
7  ; * ½¶z{2¯ 3 ¸  ¸ Ç® È?¸  Á³ : e´% 	_µ6³"   X´       ´Å³ ¶Ç®A  v È?¸
3vXv~A
sy\"|  zvX3 vX




7 #9#; /R|z{}{}~A|uZv¯ ¸ ¯;z{ve}^¯ ¸ ¯+ ys2^| Æ ve2¯ ¸ Ç» "$"  È?¸ " Xe|
~Av¿vX"z{ub~A"z^A«2u|}±¬
"z{Ä^~A"z~A}v+«Vv \|2ve2e)vX"^2v7«Å|2e"z^2 ¸  »³  	 ¢³ ´Vµ6  ´Vµ    $    
³ $ ³) ?' e¯yG~A 2
~A2ezX¯'2%~A}{z±«®^"z~ÇV ¸ ww È?¸
7  ; /R|z{}{}~A|uZv¯ ¸ ¯ 1;ve"&FÄve¯ ¸ ¯1Ò~A}~A  |}{¯Ly ¸ ¯ 1Ò~A  ve " |½¿ve
~^ve¯ ¸ ¯ $vXveve¯
 ¸ Ç® È?¸ " &^}{v?«Åveve2XvÁz{ud}veuZve\
~A"z^A«"s2vÁ}v~^"»¬·\|~AvXpX^ud}v? «Åv?¬
|2ve2e  ^ub~Az{pvX""z{ub~A^ ¸ "³    	 ³ [´Vµ6 ^´Vµ  ´  ´Å³' ³#:   #" %
$ ³    e¯  "}~A  ¯28}^"z  ~ ¸
7  " ; /R|~  ve¯ "¸ ¯  jveÄve}Â¯ ;¸ Ç® È?¸ 2¿FÄ^~A"z~A2Xv?¬  "z{Äve "|2"~^XvuZve"s2  À`z{G¬
|PºA^|"|RÄG ¸ ^|"|»¬·^}{ ¸ »³#  	 ¢³ ´Vµ6  ^´Vµ  ´  ´®³ )  ³ & ' 
"   $ ³    X¯  "}~A  ¯8}^"z  ~ ¸
7  ; R~A~A¯ *¸  ¸ ¯( 3[vez""}ve¯ ¸ Ç» "  È?¸ _µ &´0´ e´)_µ6"³ "¢³    ') &(" ?´   z{}veyve"zvXz{ ^~Az{}{z{J ~A  Á~A"s2veub~A"z~A}0y\
~A"z""zX ¸
7 G; ve}ve¯  ¸ ¯  ~AuduZve2¯\y ¸ ¯  yG~^¯ ¸ Ç» "$"  È?¸  ³ :  ) " % _µ"³ "    e´% 	 ¸
jvX
s~Az~A} * z{2vXve"z{ 3Rve¯ ~A"s2^}{zv Æ v  z{Äve"z{vez{  ve|Äve¯  ve|Äve¯ ¸
7  ; |~A2¯ ¸ 0¸ Ç» "$" w È?¸       &" e´   ´ = ´Å³) ¸  ve\"zXv [~A}{}Â¯ 0  ¸
7  ; ~Az{}~A"s¯2r ¸ Ç» "  È?¸  %' " e´  ;ve"zXv [~A}{}Â¯ 0  ¸
7 Aw; 7ves2\v¯ ¸  ¸ Ç» "$"  È?¸ " sz"^"z~A}FÄve"Ä\zve½ A«­2z{s-­2|"ve-vX""z{ ¸  &   ?µ
  &   Z³ )   _¸
7  ;  veu+ve¯8 ¸ ¯8y\2veF¯ ¸ ¯   ve|"z  ~A¯  ¸ Ç» " :9 È?¸ " }{z~A"z^ ~A  veÄ~A}{|~A"z^
A«u+|}{"z{}vRz{|-uZ  ~A}~A
~AuZveve¶vX""z{ub~A"z^ ¸ ,³ L³   ³ :  #" %?¯Ç» È ¯
 ¸  " G ¸
7 $ ;  z{  |z¯ "¸ ¯  / ¸  zXezRÇ» "$"  È?¸ 2%~A2^z~A}¿X^"ve}~A"z^ ~A~A}{z¯8~Az{ub~Av
XÄ~A"z~A2Xv©v?Gve2"z^¯ ~A  z  ve"z±°~A"z^ A«3"
~A"z^~A" "z{uZv©ve"zvX ¸  ´Â³$ ´¯
Ç® È ¯ ¸ 9^ " 69^ ¸
7 :9#;  ô|2¯ ;¸ Ç» "$"$"È?¸ &(" e´   ´ =´Å³  _µ6"³ " X³´Vµ6	   :  / V´®³ ¸
;r¶1 ve\"zXv [~A}{}Â¯  &veyG~  }vz{Äve¯ 0¸  ¸
7  ;  Áy ¹ ve"~A"z^~A}¢Ç® È?¸ _µ6    & _µ6"³ "    :
	)»³   ³³
 ¸  ve|Äve¯
 ¿ve}{z{|u¯ !#"%$ ¸
7  " ;  Áy ¹ ve"~A"z^~A} ¸ Ç®Aw È?¸    & 'e´  ² 2&´6´'?´ 	 	 '&  ¸  ve|Äve¯
 ¿ve}{z{|u¯ !#"%$ ¸
[[ ê=<?>û]tKq
    .   e´ 	      % 
³)´ e´   =  ?µÅ³
7  ;~A"}v¯y ¸ Ò¸ Ç» " :9 È?¸  
	Å´0 'X´4 #" % ¸  ve\"zXv?¬'R~A}{}Â¯ 0 ve½ Ò^ Æ ¯  y "¸
7 G;jveÄve}Â¯ ;¸ ¯) %veÄvezv¯ "¸ ¯ ¶~^veÄz{}{}v¯^ ¸ ¯! /[^|
~A¯^ ¸ Ç® È?¸  ¿}{z{  "|2~^Xv?¬
~^v  vez{ve2"""|2e"|vÒz  ve"z±°~A"z^#|  ve2^G¬·"
~A"z^~A"v?ez{
~A"z^+|2"z{3uZÄz{
ve2^ ¸  0/1/ /   ):´Å³ ³) & 	 ) »³#  % 	¯&Ç» È ¯2 ¸ w2w ¸
7  ;jveÄve}Â¯ ;¸ ¯/[^|
~A¯ ¸ ¯8 %veÄvez"v¯ "¸ Ç® È?¸  "z{+|2"~^Xv3^b­2z{s  ~A
~G¯
~
~^e"z~A}v?2~Aud}v ¸ "³  )%	³ [´Vµ6  ^´Vµ  ´  ´Å³'  Á³ :   #" %)$ ³ ? e¯  "}~A  ¯$}^"z  ~ ¸
7  ;jveÄve}Â¯ ;¸ ¯ /7^|
~A¯3 ¸ ¯  ¶~^veÄz{}{}v¯3 ¸ ¯3  %veÄvez"v¯ "¸ Ç® È?¸ y\|2~^Xv?¬
~^v  uZ  ~A} z  ve"z±°~A"z^ ~A  uZ^z{^"z{5A« }~A"v """|2e"|vX¯1~ yez{}~A
\^}{X ¸ "³    	  ³ 5´Vµ6  ´Vµ    $    	 & &(" G³ % ³  ´  
´®³   &(" ?´    e´ /?´ ´Å³ & &6  ¯ ^"ve  ~Au¯ 0 ;¸
#     %	
"%$    "  $  % ¸
7 Aw;  "ve"ve¯: ¸ ¯ 1z{ve"2¯ ¸ ¯! ~Az{}~A"s¯r ¸ Ç» "$"  È?¸ " ~A}{G"z8A«"|2"~^XvÒ°2""z{~A 
  vXsz\|2vX;«®^;~A
~AuZveve%vX""z{ub~A"z^ ¸  0/1/ / ?:X´®³³ & 	  »³#  
%	¯GwG¯ ¸  "  "$"G¸
7  ;$vXveve¯' ¸ ¯ 3Rv3vX Æ ¯'/ ¸ Ç» "$"$"È?¸ v?«Åveve2Xv?¬Â~^v  "s~^""z"|2"~^Xv+z  veG¬
"z±°~A"z^Á«Å^7^|"|»¬·^}{ÁuZ  ~A}Ò~A~A}{G"z ¸   ?µ    &" e´   )  & 	  "³
  % 	¯Ç  È ¯ ¸ :9^ ¸
7 $ ;$vXveve¯= ¸ ¯/R|z{}{}~A|uZv¯- ¸ ¯ 1Ò~A  ve " |½¿ve
~^ve¯  ¸ ¯=2%~A|ve"s2v¯= ¸ ¯1;ve"Äve¯
 ¸ ¯   ve|"z  ~A¯  ¸ Ç®Aw È?¸ " |^uZ^"z{Äv#~A  ~^ve"~^Xv#~A}{z~A"z^27A«;"s2v8^}{\¬
 "  uZ  ~A}~A
~AuZveve8vX""z{ub~A"z^+uZve"s2 L¸ "³  % 	 3³ -´Vµ6´Vµ  ´  ´®³ 
 ³ :   #"   $ ³    X¯3[v~A"&^"¯ z
sz{~A ¸
7 :9#; z Æ ve}Â¯ 2 ¸  ¸ ¯  sz{v¯ ¸  ¸ Ç® È?¸ 8}{z{s­2|"ve3vX"z{¢A« "
~A2"^"R~Az{e
~O«ÅÀ
z{G¬®­2z{sduZ  ~A}%~A~A}{G"z ¸ "³  )%	j³ ©´Vµ " e´  ´ '´Å³)   Á³ :   #" %
$ ³    e¯[z"z{uduZvXv¯28}^"z  ~ ¸
7  ; z{ve}^¯; ¸ ¯ ys2^| Æ ve2¯
 ¸ Ç®G È?¸ &(" ?´   ´ =´Å³       " ³
 )%    "³ :eµ ¸¹ * * *  vX¯ 0 ve½  Ò^ Æ ¯  y "¸
7  " ; veÄ"¯2 ¸ ¯  }~A2^¯2 ¸ ¯ %ve\Ävez"v¯ "¸ ¯  ¶~^
veÄ\z{}{}v¯ ¸ ¯   v01;ve¯ / ¸ Ç» "$"  È?¸
y\
~Av?¬·"~^Xvl«®^"u+|}~A"z^¯~¼^}{|"z^1¾uZ  ~A}+~A
~AuZvevevX""z{ub~A"z^ ¸ ,\³  




7 w ; 3Rv3vX Æ ¯ / ¸ ¯$vXveveF¯  ¸ ¯ 3ve¯E ¸ ¬ ¸ Ç® È?¸  %ve2sub~A Æ ""|   ^Á"G"veu
z  ve"z±°~A"z^p"s^|s ~Au+zve\¶Ä\z{
~A"z^)uZv~^"|veuZve\ ¸ "³  )%	³ [´Vµ63 ´Vµ
 ´  ´®³   ³#:   #" %%$ ³) ?' e¯&yG~A " \^z¯r_v?2~^+ÇV ¸ $ È?¸
7 w2;dy  ve""^u¯r ¸ ¯( y\ *Â~G¯ ¸ Ç» "  "È?¸ &(" e´   ´ = ´Å³) ¸  ve"zXv R~A}{} ¸
7 w ; 1Ò~A  ve " |\½-ve
~^ve¯  ¸ Ç® È?¸ y\G"veu z  ve"z±°~A"z^1«Å^""|2e"|
~A}  \~AudzX
~A  Äz{~^X^|2""zX  vX"z{jvez{2vXve"z{ ¸  }ve~A"j}vXe"|v¯ »³#  	 b³ ´Vµ6P ´Vµ
   $  
	 & &(" ³    Ñ³  ´ ´®³   &(" ?´    )  e´  /=e´( ´®³ 
& &6  ¯G^"ve  ~Au¯ 0 ;¸
7 w ; 1Ò~A  Äve
s2vXv¯Ò ¸ ¯  3[v¢^¯ ¸ Ç» "$"  È?¸ &2² :   ´ =´®³sX³   '
&(" ?´   _µ6³"       ´0´®³      ´Å³  ¸ [}{|\½-ve " ~  veudz |}{z"s2ve ¸
7 ww; 1Ò~A  Äve
s2vXv¯& ¸ ¯ 3[v+\^¯  ¸ Ç» "$" w È?¸     À%y\|2~^Xv~A}{^"z{"suZ«Å^3"s2v
z  ve"z±°~A"z^ A«;X^u+z{2v l veve"udz{z""z?¬·\
s~^""z#"veuZ ¸  G´Â³ ´ ¯Ç» È ¯
 ¸ 9^ "  ¸
7 w ; 1z{ve"2¯ ¸ Ç» "$"  È?¸ y\|2"~^Xv?¬Â~^v  uZve"s2   «®^0"s2v¶z  ve"z±°~A"z^©A«&}{z{2v~AÒ"z{uZv?¬
z{Ä~A"z~A"veuZ ¸  ´Â³ ´ ¯GÇ» È ¯ ¸  ¸
7 w ; 1z{ve"2¯O ¸ ¯ n~As}{&ve"2¯ ¸ ¯+  "ve"ve¯ ¸ Ç» "$" 9 È?¸	" ~A}{G"zA«2"
~AvÒ~^Xv;"G"veu
z  ve"z±°~A"z^1uZve"s2  )~^v  ^ z{2"""|uZve
~A}+Ä^~A"z~A}vX ~A  "|2~^Xv°2""z{ ¸
 ´Â³ ´ ¯Ç "È ¯ ¸ G ¸
[[ ê=<?>û]tKq
Aw    .   e´ 	      % 
³)´ e´   =  ?µÅ³
 '33& 3&
  ?& ¤¥ Ï Ð $§¤#" Ï &  
   $¡$£  ¦§ ËÍ ¡$¦£ Ë Ð Ë " 	Ë& £X¤¥_§¤ _¥ Ë "VÐ Ë& ¤#" 8§¦G¤#" Ï'& 
 ¸  |  ~AuZve\
~A}RA« XÄ~A"z~A2Xv?¬  "z{Ävez  ve"z±°~A"z^l~A}{^"z{"suZ ¸+¸7¸¸7¸ 
 ¸  [~A  }{z{Z"z{uZv  ^ub~Az{ z{|PºA^|"|  ~A
~ ¸¸7¸+¸¸7¸¸7¸¸7¸¸+¸7¸¸7¸ 
  !RÏ  Ì ¥ Ë JË ¥ Ë& § Ë$      Ï ¥ !   JÏ ¥ Ë " 	Ë & £X¤¥$§¤ _¥ Ë "VÐ Ë& ¤#" 0§¦G¤#" Ï &   
 ¸  r%s2v7z{|PºA^|"|R&^}{v?«®veve2Xv  y2¿¼uZve"s2  ¸¸7¸¸7¸¸7¸¸+¸7¸¸7¸ 
 ¸  r%s2v^|"|»¬·^}{p^}{\v?«®veve2Xv  y2¿ uZve"s2  ¸+¸¸7¸¸7¸¸7¸¸+¸7¸¸7¸ 
   ;Ë ¥ " 
 Ë & ¤¦ ¿¥ Ë £  N¤£    
w ¸   
~^e"z~A}$z{ud}veuZve
~A"z^Áz"|2vX¿¬¿y\|2"~^Xv~A}{^"z{"suZ ¸¸7¸¸+¸7¸¸7¸ ew
w ¸   
~^e"z~A}$z{ud}veuZve
~A"z^Áz"|2vX¿¬Ò8^}{\v?«®veve2Xv  y2¿ ~A}{^"z{"suZ ¸7¸ 





w ¸ w ¹   |2"""z~A}vX""z{Zv \|z{veuZve ¸7¸¸7¸¸¸7¸¸7¸+¸¸7¸¸7¸¸7¸¸+¸7¸¸7¸ 
w ¸  3v~A}_~A}{z~A"z^Áv?2~Aud}v ¸¸7¸+¸7¸¸7¸¸¸7¸¸7¸+¸¸7¸¸7¸¸7¸¸+¸7¸¸7¸ 
w ¸  ¸  3vX|}{%½¶z{"s"s2v"|2"~^Xv?¬Â~^
v  ~A}{^"z{"suZ ¸¸7¸¸7¸¸+¸7¸¸7¸ 
w ¸  ¸  3vX|}{%½¶z{"s"s2v7^}{\v?«®veve2Xv  y2¿ ~A}{^"z{"suZ ¸7¸¸+¸7¸¸7¸ 
  _¥O¤ Ë ¥¢§ Ï 
 
 Ë& ¤£d¦ & Ð § Ï & §! _£#" Ï'& £ 
 #§ &$Ï\Î  Ë Ð 	 
 Ë& ¤£ 
  ;Ë& Ð " ¨   ¤¦G¤ ËÍ £  ¦§ Ë 
 Ï Ð Ë  ·Ï ¥¢£X¤¥_§¤ $¥A¦ -¦ & ¦ Ì £#"V£ 
©Ë JË ¥ Ë& § Ë £ 
h)i[hR
Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)  	


  
ISSN 0249-6399
